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FRACTIONS AND MULTIPLES OF UNITS 

Declmai 
Mulhple Equivalent Prehx Symbol 

106 ~poo,OOO mega- M 
Id 1 to00 kilo- k 
Id 100 hecto- h 
10 10 deka- da 
1U' 01 dect- d 

1+ 0 001 milli- m 

1u9 OoOOoOOool naw n 
p1cO- P 
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lod OoOOool mao- CL 
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1lr" 0-1 femto- f 
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U S D E P A R T E X  OF ENERGY/ROCKY FLATS P L W "  SITE 
EYVXR0"TAL REPORT FOR I988 (RFP-EhV-88) 

We are plused io prowdc you the enclosed subject rtport The report presents the results 
of ongomg enmnmtntd mmtonng acuwucs at the Rocky Flats Plant (RFP) and an 
tvaluanon of plant compliance wnh all  apphcable gudcs and standards W o l o g d  and 
non-mhologcal data an presented. Infomuon on the enwonmenrd semg,  Iocd 
mercorology and dunatology, and perrmmng amvines is  also mcludd 

Si,.ruficant upgdes to the enwonmental program have been made mcc pnpmnon of 
thrs annual npoh S u e  June of 1989, the RFP has undergone an extensive evaluanon of 
enwonmental m o m t m g  and characttnzaaon procedurrs as well as the comphance status 
of all regulated RFP fadxncs. The Dqmment of Energy has also entered mto an 
Agreement m Pritsaple wth the State of colorado that acccluatcs c ~ a r n  enmnmcntal 
rtstorauon effors and expands the scope of the enwonmental monltonng prow. The 
attached Summary Assessment p d e s  an OVMV~CW of these ongomg programs. 

Roben M. Nelson, Jr 
Manag- 

n 



S'L3LMARY AS S ES S ME hi 
C S DEPUTMEhT OF ENERGY ROCKY FLATS PL4hT 

SITE EWARONMENTAL REPORT FOR 1985 

BACKGROI >D 
l h s  - e p n  docnents the 1988 envlronmend survetllvlce program at the Deparunent of 
Enqy's (DOE! Rocky Rats Plant (RFP) Data collecaon, tnterpnmnon, and cvaluaaon 
of plmt cornphmce wth dl appropriate guides envlronmental lmts ,  and srandvds is 
addressed xn this repon 

Following an Inkestigacon of aIleganons by the FBI  and EPA at tfie RFP 111 June of 1989, 
the Demranen: of Energy conducxd an extensive evducon of opennons md pncaces 3t 
the lctP and entered into an Agretment in Pnnc:ple with the Sue of Colorado This 
acct!e-ared c e ~ x s ~  enwonmental p m p m  and expanded the scope ol the envlronmental 
mom;onng prognm The resultrng changes m h e  enwonmental monitonng prognms at 
the W P  vnll be addressed in future enwonmental morutonng repons and mclude mons 
by both RFP and the Colondo Department of Health (OH). 

Addmonal nconmendanons are being made by the State of Colorado appomted 
Govexor's Rocky Flats Scienafic Panel on Monitoring Systems. The objecave of th~s 
pane! .s to dete-mne whethe: or not current and propo&dmnrtonng syskms arc 
adeqLate to de:ect release, drsmbuoon, and conccnuaaons of matends m amounts 
rccobeuzcd as hamdous to human health, to dctmntne rf the mformanon has been 
collec:cd m a con&non suitable for analysrs, rncdelmg, and mterpnzmon; and to 
recommend corecuons as necessary 

The DOES indeFndent assessment of the cnvlronmeatal p g m m  at the RFP observed 
that there wen no situanons whch posed an LmmLnent threat to pubhc health or &e 
enwonment. However, mommendanons wen rnade ngardrng mprovements to 
enwonmental monitonng programs that would achieve grater charactenzanon of plant- 
related emissions, drschuges, and amtncnt condraons A discusson of s p d c  findtngs 
and rtcommendanons may be found in the "Assessment of Enwonmental Condiaons at 
the Rocky Flats Plant" (U S DOE, 1989). Thxs document is avadable in the DOE Public 
Readmg Room. Buildmg 60, RFP A plan IS being prepared that WIU address 
mpkacntanon o f  pemnent envuonmcntal assessment findmgs. 

In regards to water quahty, upgrades to the RFP sewage trr3tment plant wen 
recommended by the DOE mdependent assessment The RFP IS curnndy rnstalling 
addmonal morutonng tnsmentaaon and unprovlng sludge drymg capabiliaes. These 
acawaes are pan of a comprehensive w a g e  munent plant renovanon that 1s scheduled 
for compleuon in June of 1992. Renovanons wlll include d a u o n  of hoidrng tanks to 
prowde adcbaonal onsm holdtn capamty tn the event of upset condiuons in influent to the 
sewage tnrrrment pIant. The dE IS ais0 conducnng a plant-wide assessment of potential 
hazardous material influents to the sewage ucanent plant 

As a result of the Agreement in Pnnciple. dwharge of surfact water to offslte water users 
is cumntly done m comphancc wrh v - q  stnngeni tntenm water quatty cntuia 
promulgated by the Colorado Water Quahry Control Comrmsson. Since August of 1989, 
the Coiorado DeParrment of Health (CDH) has assessed the safetv of offsite Water rtlei~~ses 
rd30bC to 3 combrehensive list of organic &id inorganic water q d i t y  panmeten. The 
CDH has also conduced a thorough analysis of offsite water supphes that receive 



drrunage from &e RFP This analysis dld not ind?cxe the psence of contaminanon fiom 
the opennon of the RFP 

The Agreement .n Pnnclple also m.uucd eupcdmc? clevluo of arms of goundwaccr and 
sod concammacon at the RFP The DOE is scheduled to be@ consmction acavi~es to 
bem mund-water nrndmon 3t h e  881 bllside m Januan, 1990 and the 903 Pad 
$d&r~& and Eas Trenches Arc3 rn October 1990. The renoval of. sludges and offsite 
shipment of soliCzfied sludges necessary for closure of the Solar Evaponaon Ponds has 
been etpedtted for an 0c:obe- 199 1 cornpienon The DOE IS ahead of schedule LR 
mstallauon of adhnonal ground-water monitonng wells that wi[I bm,o the to& number of 
sirewdc monrtonng uells to 350 

An expanded ai  emissions mventory of the RFP and more cxttnsive ar monitor,ng of 
sucks, offsite lodes,  and ambient condmons was also rcqurred by the Agreement in 
Pnnc,?le In fulfihng these obhgsaons, the DOE has conaucted an independenc ylalysls 
of some stack e.mssions for volilnle organic compounds and is on schedule for idcnhfying 
all pocenaal a x  emssxon sources Complete chmctenzatron of non-mchologml u 
emsslon sources vvlil be a mula-yeu effort The DOE also IS rn the process of validating 
and impvlng site-specific armosphenc uansport computer models to lmprovc 
calculanons of potenhd tnwonmentd and health effects rcsdung from RFP opcnaond 
releases and to assist m slang addtoonal ax momtors 

In h e  of 1989, the RFP reccwed a Compliance M e r  from the CDH mung twenty-five 
vlolanons of the Colorado Hazardous Waste Acr that occumd 111 the lata half of 1988. 
Violauons pcrunent to enwonmental momtonng involve madequate ground-water 
momtonng and quahcy assessment. These nohaons arc cmntiy  undergoing comcnve 
acuon 

S e v d  other agreements rnvolve RFP comphce wth enwonmenral regulanons. Ln 
September of 1989, the DOE, CDH, and EPA Rcgron WI sgncd a Fcdcral F d u e s  
C o m p h c e  A-eretmcnt and Compltance order on Consent thatpromdes a one year period 
for DOE to acheve com~~lrana w~th  the land &pod rcsu~mo~~~ of the Hazardous and 
Sohd Waste Amendments of 1984 Dunng thls pcnod, DOE wdl take all feasible steps to 
to address and resolve alleged land dqnsal r~~mctldn molaaons at the RFP mcluding, 
a rmnlp1111~, acaons to assure accurate idtntificanon, safe storage, and mtnimrsaaon of 
wastes pmhbited from land dwposal. The DOE 1s on schedule wth actlnties required by 
dus agreement 

In November of 1989, the DOE, CDH, and EP.4 Regson WI sxgned a Sertlement 
Agreement and CompIlance Order on Consent regarding alleged wolaaons of rhc Resor~ce 
Conservaaon and Recovery Act (RCR4) hazardous waste ngulaaons for farlure to 
mpIcment proper wastc management proccdurrs for omte 

nsldue cfiariicttnulaon, and RCRA comphce. The agnea?enc also requkes bi-monthly 
starus npom on progress towards full RCRA compliance. The DOE IS on schedule for 
addnssrng ail rqwments  of the a m e n t .  

Negoaaaons for the F d d  Fadlacs Agntment'Consent Order beween the DOE. CDH, 
and EPA Regon Vm have been m p r o p s  smce May of 1989 and arc expected to be 
completed in culy 1990 Th~s agreement cstabiuhes schedules to mvesagaa all operable 
units 3t the RFP In SUP~OK of the agrement, Reme&al Invesngaaons/Feaslbllty Study 

css rcs~ducs. Over the 
next yey, thls agrement reques the DOE to submt plans F" or nsxiue classification, 



documents have been subnutted and mewed for the 881 Hilh& and 903 Pad, Mound, 
and East Trenches ana dong wth eleven Clomn Plans for RCRA UNU. 

All of the prcwously ated program scope orpansons and schedule accclenaons wlll be 
ongomg UUM~WCS by RFP and &e CDH over the next s e v d  yean. Progress of these 
tasks and projccs urltl be made available III public metungs and vnll be incorparated to the 
extent pracucable rn future RFP site enwonmental repas. 



United States Government Department of Energy 

memorandum 
MTE January 9, 1990 

REPLY TO 
ATIN OF EX-222 

~ ~ I ) J G  Approval of the Cover L e t t e r  t3 tSe 1988 Envr=onmantaL Repor- 

tc). Manager, Albuquerque Operations O f f i c e  
Manager, Ock Ridge Operations O f f  i c e  
Manager, Rccky F l a t s  O f f i c e  

This is to notlfy you t’lat the cgvet  memorandum with attachneit 

for the 1988 Annual Environmental Re-oor? submitted to EX has been 

approved f o r  drstributton. Please ensure that a copy of t h i s  

memorandum i s  attached to each distributed copy o f  the 1988 

monrtoring report. 

Acting Assistant Secretary for 
Environment, Safety, and Realth 

Attachment 

.. 
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ERRATA SHEET 

Correction to TABLE 2 Plutonium Airborne Effluents - Page 21 

Plutonium 

Number Total Cnar 
of Discharge (X 10-12 fCi/ml) 

Analvses LUCI) Mon!h 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Summary 

4 5  
4‘ 
4 -  
4 ’  

4 ’  

4 ’  
4 -  
4‘ 
4 -  
3 7  
4 7  
4’ 

5 6 2  

1 1 0  
2 32 
2 73 
1 i a  
1 a4  
1 01 
1 79 
1 75 
0 40 
0 66 
0 25 
0 30 

15 33 

0 0 0 4  f, 
0 0 1 3 ~  
0 O l O L  
0 0 0 5 ~  
0 O l S t  
0 023 
0 O l Z L  
0 0 1 O L  
0 O l O L  
0 0 0 7 ; t  
0 003 +, 
0 001 

0 0 2 3 ~  

0 0 0 0 5  
0 0014 
0 0024 
0 0007 
0 0 0 1 7  
0 0052 
0 0 0 1 3  
0 0010 
0 0011 
0 0008 
0 0003 
0 0001 

0 0 0 5 2  

PERMllTlNG ACTIVITIES 

Correction to Paragraph 6 - Page 12 

Fugitive Dust Emission Permit 87JE084L for offsite sod remedial actlon program, Issued by 
the Colorado Department of Health on June 1s. 1987. 



Prlnted 
May, 1989 

ROCKY FLATS PLANT 
SITE ENVIRONMENTAL 

REPORT FOR 1988 
January through December 1988 

Environmental Management Section 
Farrel D Hobbs, Manager 

Lisa M Cmg, Report Coordinator and Publrsher 
Nancy M Daugherty, Edtor 

Prepared under Contract DE-ACW76DPO3533 
for the Albuquerque Operabons Office 

U S Department of Energy 



c 

1 
INTRODUCTION 
The Rocky Flats Mant is a govmunent-owned and 

contractorqerated hahty It is partofa nationwde 

nuclear weapons research, development, and pToduc- 

tion complex admxusted by the Albuquerque Op 

crations Offia of the u s Department of Energy 
(DOE) The prme operating contractor for the Rocky 
Flats Mant is the Aerospace Operabons Group of 

Rockwcll lntematlonal 

Thc Rocky Flats Plant is Iacated at 105 11'30" west 

longitude and 390 53'30" north lahtude in northem 

Jefferson County, Colorado The plantsite consstsof 

2,650 hcctarcs (6550 acres) of federally owned land 

As shown in Figure 1, mapr plant structures are lo- 

cated within a sccunty-fenced area of 155 hectaxd384 

acres) Thc plant is appxlmately 26 kilometers (16 

miles) iiorthwcst of downtown Denver and is almost 

cquidistant from the aatics of Boulder, Golden, and 

Arvada (sce Figure 2) Demographic estimates for 

1988 arc shown in Rpn! 3 Thcre is a populahon of 
approximately 2 million pcoplc within a 50-mde ra- 

dius of the plant 

The plant is a key W E  faaahty that produces compo- 

nents for nuclear weapons, therefore, its product is 

dircctly related to nahonal defense The plant is in- 

volvcd in fabncating components from plutonium, 

uranium, beryllium, and stainless steel Producbon 

activihcs include metal fabncahon and assembly, 

chemical rccovery and punficahon of process-prtj 

d u d  transuranic radionuclides, and related quality 

control funchons Researchand engneenngprograms 

supporhng these activihes involve chemistry, physics, 

matenals technology, ecology, nuclear safcty, and 

mechanical engrneenng 

The piedmont of the Front Range of the Rocky Moun- 

tarns nses 8 labmeters (5 miles) west of the site and 

crestsat theconhnental Dnnde, whachis32kilometers 

(20 miles) from the plant 'l%enatural mvlronmcnt of 

theplantsiteand vlanityisinfluencedpnmanlyby the 

Front Range of the Rocky Mountains and thc ste 

elevahon, whxh IS 1,829 meters (6,000 feet) above sea 

level The surfiaal geology of Rocky Flats consists of 

a thnlayerof gravelly, finetextured topsoil underlain 

by a& to 15-meter(M to4Pfoot) thick layer of coarser, 

clayeygravel Thlsisunddiunby abedrockshucture 

upon whch plant building foundahonsarcsupportcd 

Area hydrology is influenced by the surfiaal matcn- 

als, which consist of gravelly but slowly pcnncable 

alluvium Thevegeta hon of thearca consiskof spcc~es 

representahve of the short- and mid-grass prainc, 

pnmanly grasses, cach and broom snakewccd Intro- 

duced Eurasian weeds also make up part of the flora, 
and ripanan vegetation existsalong the watcrcourses 

Theclimateat Rocky Flatsischaractcnzed bydry,cool 

winters wth somc snow cover and warm summcm 

Them IS conssderable clear-sky sunshine, and both the 

average preapitahon and relahve hunudity are low 

The elevation of the plant and the mapr topographical 

features of the area stgnificantly influence the dimate 

and meteorologcal dispersion chaactenshcs of the 

site Winds at Rocky Flats, although vanablc, are 
predomnantly northwesterly, with stronger winds 

occumng dunng the winter 



1. Introduction 2 

FIGURE 1 Aenal Photograph of the Rocky Flats Plant and Immediate Vianity 

The mammum annual preapitahon recorded over a 
24-year penod was 63 17 centmeters (24 87 inches) in 

1969 TypmUy,morethan80percent ofthepmpita- 

tion falls as ram between Apnl and September Most 

of the remaining pmpitahon IS in the form of snow 

Land use at the Rocky Flats Plant IS managed by 
Rockwell Intemahonal for the Department of Energy 

This includes land uhlizahon planrung and enwron- 

mental and physical control of the land. Since 1977, all 

mapr achwhes conducted on plantsite land require 

approval by the Rockwell Execuhve Land Use Com- 

mittee based upon the recommendahons of the Land 

Use Coordinator The Coordinator evaluates all re- 

search propxtsand other nonrm hne achvihes on plant 

lands by means of a Land Use Request systcm The 

effects of such actiwhes are evaluated by Enwron- 

mental Management personnel through held obxrva- 

tions 

Approxrmately 140structureson the plantsltecontsun 

approximately 256,400 square meters (276 million 

square feet) of floor space Of thls space, mapr manu- 

factunng, chemcal p'ocessing, plutonium recovery, 

and waste treatment faalihes occupy about 148,600 

square meters (1 6 million square feet) 

The remaining floor space is diwded among labora- 

tory,administrative, uhllty, secunty, warehouse, stor- 
age, and construction contractor faalihes, and occu- 

- 

i '  

k l  

I 
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1 
INTRODUCTION 
Thc Rocky Flats Plant is a govemment-owned and 

contractor-opcrated faality It is part of a nabonwde 

nuclear wcapons research, development, and produc- 

tion complex admitustenxi by the Albuquerque Op 
crahons Officc or the U S Deparhrrent of Energy 
(DOE) The pnmc operating contractor for the Rocky 
Flats Plant is thc Aerospace Operabolls Group of 

Rockwcll International 

The Rocky Flats Plant is located at 1 s  11’30” west 

lonptudc and 3 9 O  53’30” north lahtude in northern 

Jefferson County, Colorado The plantsite ~onslsts of 

2,650 hcctarcs (6,550 acres) of federally owned land 

As shown in Figure 1, mapr plant structures are la- 

catcd withina sccunty-fenced areaof 155hectares(384 

acrcs) Thc plant is approxlmately 26 kilometers (16 

milcs) northwest of downtown Dcnvcr and is almost 

rquidistant from the atics of Boulder, Golden, and 

Arvada (scc Figure 2) Demographc estimates for 

1988 arc shown in F p r c  3 rhcrc is a populahon of 

approximately 2 million pcoplv within a 50-mle ra- 

dius of thc plant 

Thc plant is a kcy DOE faality that produces compo- 

nents for nuclear wcapons, therefore, its product is 

dircctly relatcd to nahonal defense The plant IS m- 

volvcd in fabricating components from plutonium, 

uranium, bcryllium, and stainless steel Produchon 

activitics includc metal fabncation and assembly, 

chcmical rccovcry and punficahon of processpro- 

d u d  transuranic radionuclides, and related quality 

control funchons Research and cngrneenngpmgrams 

supporttng thescactivities involve chemistry, physics, 

mamials technology, ecology, nuclear safety, and 

mechanical engneenng 

The piedmont of the Fmnt Range of the Rocky Moun- 

tains nSeS 8 kilometen (5 mles) west of the site and 

crestsat theConhmta1 Dwde, which is32kilomctns 
(20 miles) from the plant. The natural enwronmcnt of 

theplantslteand vranityisinfluencd primanlyby the 

Front Range of the Rocky Mountam and thc ste 

elevation, which is 1,829 mctcn (6,000 feet) above sca 

level The surfiaal geology of Rocky Flats consists of 

a thin layerof gravelly, fine-textured tops011 underlain 

b y a a  to15-meter(20-to4~foot)~cklayrrof~rscr8 

clayeygravel Thisisunderlam bya bedrockstructure 

upon which plant building foundations arc supportmi 

Area hydrology is influcnced by thc surfiaal matcn- 

als, which consist of gravelly but slowly pcrmcablc 

alluvlum Thevegctahonof thearcaconsistsofspcclcs 

representative of the short- and mid-grass prainc, 

pnmanly grasses, cach and broom snakewccd Intro- 

duced Eurasian weeds also make up part of thc flora, 
and ripanan vegetabon existsalong the watcrcourws 

Thcciimatc at Rocky Flats 1s charactcnzed by dry,cool 

winters with somc snow cover and warm summcrs 

Then? is conslderablc clearsky sunshine, and both the 

average preapitation and relabve hunudity are low 

Theelevahonof theplant and themaprtopographical 

features of the area sgnihcantly influence thc ciimatc 

and meteorologrcal dispersion charactenshn of the 

site Winds at Rocky Flats, although vanablc, are 
predomnantly northwesterly, with stronger winds 

occumng dunng the winter 



2 1. Introduction 

mCURE 1 Aenal Photograph of the Rocky Flats Mant and Immediate Viamty 

The maxfmum annual preapitahon recorded over a 
24-year penod was 63 17 centimeters (24 87 mches) in 

1969 Typically, more than 80 percent of the pmpita- 

tion falls as rain between Apnl and September Most 

of the remaining preciptation IS in the form of snow 

Land use at the Rocky Hats Plant is managed by 

Rockwell IntemationaI for the Department of Energy 

This includes land utilizahon planrung and enwron- 

mental and physical control of the land Since 1977, all 

mapr achvihes conducted on plantsite land require 
approval by the Rockwell Execubve Land Use Com- 

mittee based upon the recommendations of the Land 

Use Coordinator The Coordinator evaluates all re- 
search proptsand other nonrou hne actrviheson plant 

lands by means of a Land Use Request system The 

effects of such actiwties are evaluated by Enwron- 

mental Management personnel through field observa- 
hons 

Approximately 140 structureson the plantsitecontain 

approximately 256,400 quare meters (276 million 

square feet) of floor space Of this space, mapr manu- 

factunng, chemical processing, plutonium nrcovery, 

and waste treatment faalihes occupy about 148,600 

square meters (1 6 million square feet). 

The remaiiung floor space IS divlded among labora- 

tory,administrahve,ublity, secunty, warehouse,stor- 

age, and construction contractor faahties, and occu- 
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p i s  about 107,800 

q u a m  mctcrs (1 16 

million q u a m  feet) 

The pnmary plant 

hcating rcquirc- 

mcnts arc mct by in- 

plant stcam boilcrs 

that normally usc  

natural gas but are 

capablc also of using 

fuel oil In addition, 

small amounts of 

liquificd petroleum 

gasand clcctnatyare 

uscd for somc hcat- 

ing at the plant 

During CY 1988, 

approximately 19 3 

million cubic mctcrs 

(680 million cubic 

m m m m  the rcleasc 

of contaminants to 
the workplacc and 

the environment 

Processing activihes 

mclude the inanera- 
tion of plutonium- 

contaminatcd matc- 

rials for m v c r y  of 

thc plutonium that 

thcy contain This 
ficovctyopcrahonis 

conducted in accor- 

dance with an incin- 

erabon pemut isucd 

to the plant by thc 

Colorado Depart- 

ment of Health 

FIGURE 2 Arca Map of Rocky Flats 
Plant and Surrounding Communities Air from production 

fcu.0 of natural gas wcre used No fuel oil was used 

dunng 1988 

Raw watcr is purchased from the Denver Water Board 

and is drawn from Ralston Reservoir and the South 

Bouldcr bvcrsion Canal The Rocky Flats Plant used 

npproximatcly 5w million litcrs 134 million gallons) 

of watcr dunng 1988 

Certain opcrations at thc Rocky Flats Plant involvc or 

produce liquids, solids, and gnsce4 containing radioac- 

tive matcnals Radioactivc matrrials arc handled in 

accordancc with stnngent prtmdurcs and wthin 

multiplc containments (physical barncrs) designcd to 

and m a r c h  facili- 

ties is continuously dischargcd to the ahnosphcrc by 
50 ventilation cxhaust systems. Pnor to atmosphcnc 

discharge, thc cxhaust air passes through partrculale 

filtration systcms located in filtcr plcnums. Thcse 

filtration systems employ High Effiacncy Particulatc 

Air (HEPA) filters that are pumhased to q u a l  or 

exceed thc DOE spccificd filtration cffiaency standard 

of 99 97 pcrcent for 0 3 micromcter parhclcs Pnor to 

installahon in the filter plenum, each filter is testcd at 

thc plant to ensure that thc filtration efficiency is not 

less than thestandard Onceinstalled,filtersarc tcstd 

for leaks which might have dcveloped during han 

dling and installahon Any deficmmcsarc corrvctcd 

and the systcm rctcsted Airborne efflucnts for all 
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N 
I NORTH WALNUT CREEK I 

GREAT WESTERN SANITARY WASTE t 

WALNUT 
CREEK 

ROCKY FLATS 
PLANT 

INTERCEPTOR DITCH ---- -- - --- --- ---  --__--- ---- 
STANDLEY LAKE I 

(not to scale) J 

FIGURE 4 Holding Ponds and Liquid Effluent Watercourses 

plant procc?ssing buildings are conhnuously mom- 
torrd for radioactivc emissions Airborne radioactiv- 

ity rclcawd to the environment from process opera- 

tion\ is kept to a minimum and is well within plant 

hcalth and safcty guidclincs 

Thc radioactive waste systems include collecbon, fil- 

tration, liquid processing, and temporary storage fa- 

cilitics for those process wastes known, or suspected, 

tohavcbccnincontact withrddioactivematenals The 

liquid wastcproccsssystcm concentrates thecontanu- 

11,) tion from liquid wastc into solid wastes suitable for 

shipment, along with other contaminated solid wastes, 

to a DOE-approved storage or disposal faality Spe 

cific dctails of plant waste prtrcessing faalihes are 

dcscnbcd in thc Rocky Flats Plant Site Final Enwron- 

mcmtal Impact Statcmcnt (US%hi) 

Sani tary wasteis processed by thesanitary wastcwa tcr 

treatment plant, and is isolated from process wastc 

throughout thc plant Condihoning chemicals arc 

addcd to improve flocculation and filtration of 511s- 

pcnded solids The treatment plant is of thc activated 

sludge typcand has three stagesof trcatmcnt It ha5 a 

design capaaty of 1 9 million liters (500,OOO gallons) 

per day Present daily flows usually vary bctwccii 
757,000 and 1 1 million liters (200,WO and 300,000 

gallons) per day One of two 227,000-litcr (60,Ooi) 

gallon) preaerahon holding tanks, located upstream 

from the sewage plant, serves as a surgc basin to 

smooth out peak flows A second holding tank pro- 

vides storage capaaty for sanitary wastes should 
emergency retennon be required Liquid effluents 

from thesanitary waste treatment plant arcrcleascd to 

holding ponds for subsequent onslte irngation or off- 
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sitc dischargc to Walnut Creck The plant has a zero 

dischargegoal wthrcspect todownstresundischarges 

Such discharges occur only when weather mndihons 

prcvent cffcctive spray imgahon achwnhes as shpu- 

latcd by the plant Environmental Protechon Agency 
National Pollutant I>lscharge Elirmnatxm System 

(NPDES) Permit All surface water drscharges are 

conducted in accordance w t h  the "PDFS pemut 

Rcsidual solids from the sanitary waste treatmmt 

plant arc concentratcd, dned, packaged, and ship@ 
to a DOE-approved waste faality 

In 1988,solid wastes thathad noradioactiveorhazard- 

ous chcmical constitucnts were transferred to an on- 

sitc sanitary landfill for disposal Tlus landhll was 

dc.sipcd and constructcd in 1974 wth an impennous 

clay scal layer, a ground water intercept system, and 

surfacc water divcrsion ditches to isolate the landfill 

from the gcncral cnvironrnent Routine waste maten- 
alsarcchcckcd daily forradioactivity at thelandfillslte 

bcfom final bunal In addition, routine waste maten- 

als ongnahng from bulldings in which radiwchve 

materials arc handlcd are monltorcd pnor to leawng 

the building to ensure that they are free from radio- 

active contaminahon The disposal of nonrouhne or 
spccial non-radioactive waste materials is adrmtustra- 

tivcly controlled 

Ground watcr and surface water flow in and around 

thc sani tary landfill igcontrolled by interceptor ditches 

and by frcnchdrains Theditchesdivert allupgradient 

surfacc watcrs around the landfill The drains collect 

ground watcr from the penmeter of the landfill and 

divert i t  around thc landfill A holding pond collects 

surfacc and subsurfacc drainage trom the landhll 

Water samples from ttus holding pond, thcdrains, and 

from twenty-one (as of 1988) RCRA-qualjty ground 

water momtonng wells in the wanity an? collected 

rouhnely and are analyzed for a senes of parameters 

including radioactivity 

As shown in Figure 4, surface water runoff from the 

plant generally is ftom west to east Runoff is c a d  

from the plant by three major h n a ~  basins that are 
tnbutanesto WalnutCreekon thenorthand towoman 

Creek on the south The south fork of Walnut Creek 

m v e s  most of the stormwater runoff from areas 

surrounding plant buildings 

Also shown in Agures 1 and 4 is the confluence of the 

north and south forks of Walnut Creek which is 1 1 

kilometers (0 7 mles) west of the eastern penmeter of 

theplant. Great WcsternResemir,a watersupply for 
a part of the City of Broomfield, IS 1.6 kilomtcrs (1 

mileleast of thisconfluence WomanCreek flowseast 

from Rocky Flats into Standley Lake, a water supply 

for the City of Westmmter and for portions of the 

clhesof Northglennand Thornton Pondson thcnorth 

fork of Walnut Creekaredesignatcd A-1 through A 4  

Pondson thesouth fork aredesignated E1 through E 
5 These A- and Esmes ponds receive precipitation 

runoff and/or treated sanitary wastewater Pond C-1 

is located on the Woman Creek watercourse and rc- 

caves only undisturbed natural flows Pond C-2, 

located near thc Woman Creek watemursc, rcceivcs 

surfacc runoff water from an interceptor ditch parallcl 

to the south stde of the plant production areas 

Personnel in the Environmental Management Croup 

of Rockwell lntemational conduct an extensive cnvi- 
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ronmcntal control and surveillance program at the 

plant Engmcmngrevtewsof proposed plant pmjccts 
arc pcrformcd to cnsurc that appropnate safeguards 

arc takcn for cnwronmental protechon The enwron- 

mcntal surveillance program IS designed to provide 

assurance that these safeguards effechvely linut the 

rclease of radioactive or tomc matenals 

The Rocky Flats Plant environment is monitored for 

pcnctrating ionizingradiationand forperbnent radio- 

active, chemical, and biological pollutants Air, water, 

and soil arc sampled on the plantste and throughout 

thc surrounding rcgon Sevt ral Federal, State, and 

local govcmmcntal agenaes independently conduct 

audits and additional cnvironmntal survcysboth on 

and off thc plantsitc Thc Colorado Department of 

Health samplcs air, soil, and water at the Rocky Flats 

site and in surroundingcommunihes. The DOE Envi- 

ronmental Mcasurements Laboratory (EML) histon- 

cally has conducted parhculatc air sampling at the 

Rocky Flats Plant and has pcnodically performed 

spcctal studies, including sedimmt and soil analyses 

Additional spcaal analyses have bcen performed by 

Rcgion VI11 of thc U S Environmental Protection 

Agency(EPA) ThcCityof Broomfieldmonitors water 

qualityin WalnutCrcck and Grcat WeskrnReservoir, 

and in Novcmbcr, 1988, the City of Westminster inih- 

atcd a monitonng program for Standley Lake Data 

from thc Rocky Flats Plant, the Colorado Department 

of Hcalth, and the a h a  of Broomficld and Westmin- 

stcr arc rcportcd monthly at an I-nwronmental Moni- 

toring lnformahon Exchange Meehng that is open to 

the public Also idcntified at  this meehng are the 

radioactive matcnals uscd or handled at the plant and 

plant enginccnng propts which may have an cnvi- 

ronrnental intmest lhs monthly enwronmental in- 

formahon exchange meeting has bcen ongoing s n c c  
thc early 1970's 

The informahon contained in this report IS submitted 

in compliance wlth DOE orders 5484 1 Chapters 111 

and W, and 5400 1 Chapter 11, and is a compilation of 

data provlded monthly to the DOE Rocky Flats Area 

Office, the Radiahon Conhd Divison of the Colorado 

Dcpartment of Health, EPA Regon VIII, the health 

deparhnentsofBoulderand JeffcrsonCountics,and to 

interested city officialsand ahtens  fromcommunities 

ncar the plant 



2 
SITE METEOROLOGY 
AND CLIMATOLOGY 

Mctmrological data wcrc collwtcd on the plantsitc 

from instrumcntation installcd on a 61-meter (200- 
foot) towcr locatcd in the w e t  buffer zone dunng 

1988 Mctmmlogical information in thisreport repre- 

writs 75 pcrccnt data rcvovcry from this 

iwtrumcntation Table 1 IS the 1 %8 annual summary 

of the prccnt frequcncy of wind dircctions (16 com- 

pass points) dividcd into four wind spced categones 

1 lie eonjpas.. p i n t  dcsignatlcm\ indicate thc truc 

twnriiig whcii fmng against thl wind Thcsc? fre- 

qiicncy valucwrcrcprcscntcd qaphically in Figure5 

1 he wind rowvcclorsalsorcprc.w nt thcbcanngagainst 

the wind (i c ,  wind along each bcctor blows toward 

thcccntcr) Thcprcdominanceofnorthwcstcrly wind\ 

IS typical of Rocky Flats The low frcquency of wiiiJ4 

greatcr than 7 mctcrs pcr second (156 mph) with 

castcrly components is normal 

The mean temperature rccorded for 1988 has  8 6 "C 

(47 5 OF) In 1988, thcJbcky Flats Plant rccordcd 32 1' 

ccnhmctcrs (12 67 inchcs) of prmpitation 

B a d  on 24-ycar monthly watcr-cquivalcnt prmpi ta- 

tion a v c r a p  collected bctwecn 1953 and 1976, thr 

mcanannual prmpitation at Rocky Flabis38 50ccvtti 

mctcrs (15 16 inchcs) 

rABLE 1 Wind Direction Frequency (Percent), by 
F our Wind-Speed Classes, at the Rocky Flats Plant 

(Fifteen-Minute Averages - 1988) 

Wind 
D i r m  

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 

S 
ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

TOTAL 

1 -3 3-7 7-15 

1 25 1 57 
1 94 110 
1 80 0 47 
2 09 0 13 
3 07 0 61 
3 46 181 
3 55 2 37 
2 92 2 46 
3 44 2 79 
3 37 235 
2 97 3 98 
3 06 3 06 
3 39 2 87 
3 03 4 42 
3 13 344 
1 77 2 32 

0 55 
0 13 
0 00 
0 01 
0 01 
0 07 
0 21 
0 27 
034 
0 30 
0 49 
0 71 
296 
2 79 
0 59 
045 

9 25 4424 3575 9 88 

>15 
m 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
004 
072 
0 12 
0 00 
0 00 

0 88 

foTAL 
9 25 
3 37 
3 17 
2 27 
2 23 
3 69 
534 
6 13 
565 
6 57 
6 02 
744 
6 87 
994 
1036 
7 16 
454 

loo 00 



10 2. Site Meteorology and Climatology 

FIGURE 5 1988 Annual Wind Rosc for the Rocky Flats Plant 

N 
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FIGURE 6. Locatmn of Rocky l U s  Plant 61 Meter MeteomWcal Tower 



3 
PERMITTING ACTIVITIES 

Scvcral cnwronmental penruts have been issued to 

theplantbyFedcra1 andStateagcnaes Currently,the 

followng permits are in "Act~vc" status 

National Pollutant D~scharge Elimination System 

PermttCO-OOO1333,issucdby theU S Envrronmental 

Protcction Agency, December 26,1984 

Building 122 Inanerator Permit C-12,931, issued by 

the Colorado Department of Health, March 25,1982 

Building 771 Inanerator Permit 12JE932 (C-12,932), 

issucd by thcColoradoDcpartmcnt of Health, August 

28,1985 

Building 776 Fluid Bed Inanerator Permit C-13,022, 

issucd by thc Colorado Lkpartment of Health, March 

25,1982 

Fuahve Dust Emission Permit 87JEo52L for offsite 
mil r d i a l  achon program, issued by the Colorado 

Dcpartmcnt of Health on Junv 15,1988 

On July 31,1986, a Complianm Agreement was en- 

tcrcd into by the Enwronmental Protechon Agency 

(EPA), thc Colorado Departmcnt of Health (CDH), 

and thcDepartmcntofEnergy (D0E)forimplmenta- 

tion and regulanon of the Resource Conservation and 

Rccovery Act (RCRA) and thc ( omprehensive Envi- 

ronmental Response, Compmsahon and Lability Act 

(CERCLA) achvrhes for the Rocky Flats Plant. On 

November 26,1986, the Rocky Flats Plant subrmttcd a 

RCRAPart BPerrmt ApplicahontoEPAandCDH. The 
RCRA Part B P m t  Applicahon was revlscd in accor- 

dance wth commcnts received from EPA and CDH 

and re-subnutted on Dcrrmbcr 15,1987 A Nohcc of 

Completeness for the Part B Application was rccclvcd 

in August, 1988 A scparatc Part B Pcrmit Application 

was subrmtted for transuranic mxcd waste in June, 

1988 The submittal of draft Rcmcdial lnvcstigahon 

reportson July 1 and Dccembcr31,1987,also took place 
in accordance with the Compliance Agrccmcnt A 

reviscd Remedial lnvcstigation Report with a Feasibil- 

ity Study on the881 Hillside wassubrmttcd toEPAand 

CDH on March 1,1988 The remedial achon for thc881 

Hillside is expected to b c g n  in 1989 

In 1988, no environrncntal asxssmcnts or environ- 

mental impact statements wcre puhlishcd for theRocky 

Flats Plant under the National Environmental Policy 

Act (NEPA) 

A survey for archaeologcal and histonc rcsourccs was 

completcd dunng thesummcrof 1988 Thc survcy was 

conducted as required by the National Histonc Prcscr- 

vahon Act in accordance wth established p r d u r r s  
of the State of Colorado Ofhce of Archamlogy and 

Histonc Preservation (OAHP) Ten sitesof archcologi- 
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cal ln- weredi!3cQve!red and tlK!seknown ates 

wemrevlslted TheOAHPhasdetennrnedthatno 
SitesareeliglMefornOrmnahantotheNationaIRep- 

teroftiistoncllaces. Twosites~vedconditronsur 

the OAHP fhdings correspondence letter reqaunng 
hutherinvest~gationdthqr areevertobedtsturbed. 
Both SI@ are remote from the developed porbon of 
the faalq and d b e  ptected 

Stone stntcture used as Barn on Woman Creek 

Apple Orchard near 19th Century General Store 
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MONITORING SUMMARY 

Dunng 1988, thc Rocky Flats Plant conducted an enw- 

ronmcntal monitonng program that included the 

sampling and analysis of airhomc effluents, ambient 

air, surface and ground water, and sol1 External 

pcnctrating gamma radiation cxposum were also 

mcasurcd using thermolumi ncvcnt dosimeters The 
moni toring program consist< 4 b f  collecting samplcs 

fromonsitc, boundary,and ofhilc locahons Monitor- 

ing of water for trace quanhtics of chemicals, metals, 

nitratcs, anions, volatilc orgdiric compounds (vocs), 
and specific radionuclidcs also was pcrformcd 

-1 

Plutonium concentrations in thi5 rcport represent the 

alpha radioactivity from plutonium isotope -239 and 

-240, which constitute over 97 pcrccnt of the alpha 

radioactiwty in plutonium hmdlcd at thc plant 

Rcportcd uranium conccntratrons are the cumulative 

alpha actiwty from uranium 233, -234, and -238 

Componntscontaining cnnchd uranium are handled 

at the Rocky Flats Plant Dcplctcd uramum metal IS 

fabncatcd and also is handlcd ac process waste mate 

nal Uranium-235 is the m a p  isotope by weight (93 

pcrccnt) in cnnchcd uranium howcver, uranium-234 

accounts for approximately ''7 pcrccnt of the alpha 

activity of fully ennched uranium In depleted ura- 

nium, the combined alpha actiwty from uranium-234 

and -238 accounts for approxim~itcly 99 percent of the 

total alpha actiwty 

Particulate and tntium sampling of building cxhaust 

systems was conductcd continuously in 1988 Thc 

particulate samplcs wcre analyzed for spcclfic radii> 

nuclides of intcrcst and for beryllium Overall, 19118 

emisson data were in the ranges propcted in the Plant 

Envlronmental Impact Statement (UsSOa) and rcprc- 

sent a negliQblc enwronmcntal impact 

Parhculate mples  are collectcd by ambient air Sam- 

plers opcratcd continuously onsite near the plant 

building arcas, at the plant penmetcr, and in fourtwn 

community locations Analysis of t h c x  samplcs indi- 

cated that theconcentrationsof airborne plutonium at 

all locahons werc far bclow applicable Dcnvcd Con- 

ccntrahon Guides (DCGs) (Sce Appendix A for a 

discusson of thc calculation of DCGs 1 At the plant 

pcnmeter and at the community locahons, thc 1988 

average plutonium conccntrahons in ambtcnt air at 

each locahon were 005 percent or lcss of thc DOE 

DCGs 

Dunng 1988 monitonng of ambient air for non-radii - 
logical total suspended particulates (TSP) and 

respirable parhculates (I'M-101, ozone (OIL sulfur 

dioxide (So,), carbon monoxide KO), nitrogen dim- 
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idc (NO,), and lead (Pb) was conductd "hcsc six 

yaramctcrs arc mtcna pollutants regulated on a re- 
ponal basis by thc EPA and tht 5tatc of Colorado 

through the Clcan Air Act of 1970 that includes the 

National Ambient Air Quality Standards RJAAQS) 

( U S l b )  Thc 1988 calculated annual geometric mean 

for TSP was 53 percent of the former pnmary annual 

geometric mcan standard prrscnbed by the NAAQS 

Rcspirabk particulatcs measured by the new PM-IO 

iiwthcdology indicated values that were31 percent of 

thc annual arithmctic mean pnmary standard of 50 

mg/m') Thc highcst onchour concentration of O3 in 

19% wa5 75 pcrccnt of thc EPA primary onehour 

st.indard This valuc wasconsistent with trend levels 

rcpwlcxl in  the Dcnvcr Mctropolitcm m a  at that time 

(Corn) Thc 1988 annual arithmctic mean f o r m 2  was 

trn pcrccnt of thc  EPA pnmarv annual anthmehc 

mean standard The highcst rccordcd onehour So, 
rcading was 0021 ppm Thc maximum one-hour 

conccnlration rccordcd forCO wa< 5 OO ppm This was 

14pcrccntof thcpnmaryonc-hourNAAQSof35ppm 
rhc*annual arit hmctic mean of the N( Iz conccntrahons 

for 1988 was ten pcrccnt of the EI'A primary annual 

.irithmctic mcan standard The quarterly Pb concen- 

tr,itions mcwurcd dunng 1988 wcw Icss than two 

prccnt of thc EPA quarterly standard Since a sufh- 

cirnt, multi-year basclincdatabasc for Cntena Pollut- 

;Int5 has now bccn dcveloped for thc plant, this non- 
rdioactivc ambicnt air monitonnR program is bang 

diroiitiiiucd cffcctivc with this n*j*wt 

Water uscd dunng 1988 for plant process operahons 

wnscvaporatcdand thccondensatc r( used forcooling 

towcr makcupor steam plant use Sanitary water was 

lrcutrd andsprayirngatcd within phiit boundariesor 

discharged offsiteaftcrmonitonng, in compliancc with 

theRocky FlatsPlant EnvlronmentalProtecbon Agcncy 

(EPA) National Pollutant Bscharge Elimination Sys- 

tem (NPDES) Permit (US84a) Surface runoff from 

preclpitation iscollected in surface watercontrol ponds 

Aftcrmonitonng, this water isdischarged offsite Those 
discharges are monitored for compliance wth the WA 

NPDES permit Dunng 1988, NPDES BOD, limits 

were exceeded dunng February, March, Apnl and 

May and fecal coliform limits were exceeded in Apnl 

A discussion of these violahons appears in !&chon 5 

Rouhne water moni tonng is conducted for two down- 

stream reservoirs and for dnnkmg water sources in 

ninc communities The average radioactiwty mnccn- 
trahons for plutonium, uranium, amcnaum, and tnt- 

mm measured at these locahons were found to be 0 4 

percent or less of the DCGs for water The sum of the 

average concentrahons for plutonium and amencium 

in dnnking watcr samples for each community was0 3 

percent or less of the State of Colorado regulabons for 

alpha-cmitting radionuclides (CO81) and the EPA Na- 

tional Interim Primary Drinking Water 

Regulations (US76a) Avcrage concentrabons of hit- 

ium in community drinking water samples wen! all 

within local background range and *re less than one 
percent of the applicable State of Colorado and EPA 

dnnking water standards (CO&?l,US76a) 

A vegetation control program using chemlcal hcrbi- 

cides was conducted during 1988 The program was 

completed by independent licensed contractors using 

EPA and the State of Colorado approvcd chemicals 

according to the label requirements and DOE Orders 

Onsi tc' storagcof pesticides and herbicides at theRocky 
I 
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FlatsMant currcntly isbang disconhnued All pesti- 

cidcs uscd in or mar surfacc watm arc approved by 
EPA for such use 

Surfacc soil samples for plutonium analysls wererol- 

lcctcd in 1988 from 40 sites located on radii from the 

Rocky Flats Plant at distances of 1 6 and 3.2 kdometers 

(1 and 2 miles) The purpose of the pmgram was to 

dctcrminc if there are any changes in plutonium con- 

centra hons in the soil around the plant over trme This 

program was conducted intcrmittently unhl1977and 

rcinitiatcd during 19&1 The 19W plutonium concen- 

trahons in the 3.2 kilometcr samples, which are near 

thc  plant boundary, were in the range from 0 02 to 7 12 

pCi/g (0 74 to263Bq/kg) Plutonium conmtrahons 

for 1988 at a 1 6 kilometer radius ranged from 0 02 to 

10 6pCi/g(O 74 to391 Bq/kg) Theselevelsaresimilar 

to thc soil data rcported in 1977 and 1987 

Thc 1988 cnvironrnental mcasurcment of external 

penetrating gamma radiahon, uung thcrmolumines- 

ccnt dosimctcrs (TLDs), showtd that theannual dose 

cquivalcnt from penclrahng radiahon onsite, at the 
plant pcrimctcr, and at community locahons, was 

within thc rangc of figtonal background 

As part of thc Rocky Flats RCRAKERCLA Compli- 

dncc Agrccmcnt signed July31 1986, extensive hydro- 

logic, gcologc, and ground watcr quality mveshga- 

tions conhnucd through 1988 Initial mvesttgahons 

indicatc abovc background con( cntrahons of some 

radioachvc and chcmically hazardous materials within 

closc proximity to past plant disposal sitcs and plant 

operahons areas. These matcnals indudc voolahlc 

organic compounds (I e ,  chlonnatcd hydrocarbon 

solvents) and some radionuclides 

Remedial lnveshgahon activlhcs,an outgrowth of thc 

Compliance Agreement, required thccomplction of 46 

addihonal monitonng wells dunng 1987 No addi 

honal wells werc constructed dunng 1988, but rl 

number arc planned for 1989 construction Thew! ncw 

wells will assist in the &lineation of radioactivc or 

hazardous chemical constituents in designated high 

pnonty invcstigahon arcas, and thcy bccomc part of 

an extensive plantwide ground watcr monitoring 

system C o m h v e  achon measures for arcas rcquir- 
ing such measures are now under evaluation Morrt- 

tonng wells also were installed near prcwously-used 

solar evaporation ponds and the prescnt landfill a\ 

part of theRCRAClosurePcrmit A total of 159onsIh 

ground water monitoring wells arc now monitorcA 

quarterly 

, 

Potenhal public radiation dose cammitmcnts, which 

could havercsultcd fromplant operations, wcrccalcu- 

latcd from average radionuclideconmntrahonsmcas- 

u r d  at the Rocky FlatsPlant propertyboundancsantl 

in surrounding communities Dose asscssmcnt for 

1988 was conductcd for the property (sitc) boundar\ 

nearby communi tics, and toa distanccof 80 kilomctrrs 
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(SO miles) At the plant boundary, thc maximum 50- 

ycnrdosccommitmcnt toan indimdual wascalculated 

to bc 75 X lo4 rcm (75 X Sv) effecbve dose 

rquivalcnt and 1 2 X la2 rem (1 2 X IO4 Sv) to bone 

surfaccs Bycompanson,annualcffectivedoseequiva- 
lent from the natural radiation in the Denver area 

currently IS eshmated as about 3 s x IO rem (35 x 
IO sv) (NAS~) The 50-year dose commitment of 75 
x mm rcprescns less than I percent of the DOE 
intcnm radiation protedron standard of 0 1 r e m  effec- 

tivc dosc cquivalcnt for all pathwavs If all the dose 

wcrc rcccivcd from theatr pathway, thebonesurfaces 

dose of 1 2 X lo-* rem would reprewnt 16 percent of 

the air pathway standard for any organ (V A83 

Thc maximum radiation dose for t ommunity loca- 

tions was calculated as a %year dow commtment of 

2 9 X 10 ’ rem (2 9 X 10 7Sv) effectivc dose equivalent 

and 5 2 x s v  t to bone surfaccs 

rhcscvalucsmprcscntO 03perccnt ot thcDOEtntenm 

\taidard foreffcctivedosecquivalr nt and 0 69 percent 

of thc standard for any organ froti) thc air pathway 

only (VAS51 Thew valucsincludc cmtribuhonsfrom 

rcsidual fallout caused by past global ahnosphenc 

wcapons testing 

rcm (5 2 x 

rhc50-yearcommitted efftxhvcdosecquivalent to the 

populabon Iivingwithin80kilometer~80miles)of the 

plant was bascd on the maximum tommunity dose 

( \trmatcs For thccommunity, thciiidximumcffective 

dow cquivalcnt was less than thc  I Y l o 3  rem dose 

rquivalcnt specified by DOE as dt niinimts (inconse- 

quential) (US8Ob) Thc dow commitment for all 

individuals to a distance of 80 kilornt tcrs was, thcre- 

forc, considcrcd to bc de minims 

In dcmonstration of compliance wth  the EPA Clean 

AI r Act air emissions standard in 4OCFR 61 ,Subpart H, 
the AIRDOSEPA computcr code was uscd to calcu- 

late radrahon dose to the publlc by atmosphcnc dis- 

persion, deposhon, and ecolog~gl modeling of 1988 

air emissons data (US85 VAS)  The results of this 

calculation independently confirm that the maximum 

radiatron dose to a member of the public as a mul t  of 

exposure to airborne radioachvlty from the Rocky 

FlatsPlant in 1988 was less than 1 m m c f f e c b v c d o x  

equivalent 
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MONITORING DATA 

This scction dcscnbes Rockwcll International's e n ~ -  

ronmcntal monitonng program for 1988, results of 

sample analyses, and evaluation of the data wth  

regard to applicable guides and standards The reader 

is dircctcd to the appendixes at the end of this report 

fordetailcd information commingapplicablcguides 

and standards,quality control, malytical procedures, 

dctcction limits, error term propagation, and report- 

ing of minimum detectable concrntrahons Appcn- 

dix E includes a discusson of the methodology u x d  

for rcporhng measurcmcnts that wcre at or below the 

minimum detectable concentrations (MDC) This 

appcndix also discusses thc 1 1 ~ 4 9  of the less-than sign 

(<)and dcfincs thcuscof plusor minus(lt)errortcrms 

in thc data 

In 1988produchonandrcscarch faalihcsat theRocky 

flats Plant wcrccquippcd with 50 ventilation exhaust 

systcms. Particulates gcncratcd by production and 

rcscarch actrvitics are cntraincd in the exhaust air 

streams These particulate rnatcnals are removed 

from thc air stream in each exhaust systcm by means 

of High Efficicncy Particulate Air (HEPA) filters 

Residual parhculatcs in cach of these systems are 

conhnuously samplcd downstream from the final 

stagcofHEPA filtcrs Vcntilatmn\ystcmsthat Scrvice 

areas containing plutonium are equipped with Sclcc- 

tive Alpha AirMonitors(SAAMs1 forimmcdiatedctcc- 

hon of abnormal condihons These SAAMs arc scnsi- 

hve to speclfic alpha parhcle energ~es and arc xt to 

detcct plutomum-239 and -240 Thcse dctcctors are 

tcstcd and calibratcd routincly to maintain scnwtivity 

The monitors alarm automahcally if out-of-tolerance 

conditions are expenenccd No such condition tx- 

curred dunng 1988 

At regular intervals cach week, continuously collcctcd 

particulate samplcs arc removed from each exhaust 

system and radiometncally analyzed for long-liwd 

alpha radiahon cnuttcrs Bcgnningin Scptcmbcr 1988, 

thc collechon schcdule for thesc samples was changed 

from threc timcs a week to twice a week Thc conccii- 

tratron of long-lived alpha cmittcrs 1s indicatn c ot the 

effluent quality and the overall pcrformaiicc of t F r  

HEPA filtration systems If the total long-lwd alpha 

concentration for an effluent sarnplc cxcccds thc plant 

action guide valuc of 0 020 X 10 l2 pCi/ml (7 4 X 10 

Bq/m3), a follow-up invcstigation is conducted to m- 
teimine thc cause and to evaluate thc nccd for COITCC- 

tivc achon The action guidc is q u a l  to thc ofkitc 

Dcnved Concentration Guide (DCG) for plutonium 

activity In air No cxcecdanccs of the alpha activilv 

action guidc occurred dunng 1988 

At thc end of each month, samplcs for cach exhalid 

systcm arc compositcd into individual samples which 
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wxicrgo spccifrc chcrmcal analysls An aliquot of each 

of the dissolvcd composite-samples is analyzed for 

bcryllium parhculates usng a flameless atomic ab- 

sorphon spcctromehy technique (Bo68) Theremain- 

dcr of the dissolvcd sample is subjected to chmca1 

scparahon and alpha spectral analysts that quanhfws 
spccific alphaemithng radionuclides Analyses for 

uranium isotopes are conducted for each composte 

sample In 1988, forty-two of thc vcnhlatmn exhaust 

systems w c  l o a  ted in buildings containing pluto- 

niii m Parhculatc samples from thcw exhaust systcms 

also wcrc analyzcd for spmfic isotopesof plutonium 

.i nd amcna um Typically amcnci I i m contnbu tes only 

a small frachon of the total alpha activity airborne 

rc*lcw,c for the Mant,and arncncium yxrific airborne 

cfflucnt data have not bcrn rcportcd in prcvious an- 

~ i t ~ a l  sitcrcports Beginning with thismportforCYl988, 

amcncium-spmfic airborne effluent measuremcnts 

,ire included in the rcported data 

Scvcral exhaust systems servicc processes hawng a 

pbtcnhal for traccquanhtiesof trinum contamination 

rrom January through August, 1988, continuous 

s;implmg for tritium was conductcd in 23 vcnhlahon 

cbxhaust systems In September, 1988 the tnhum air- 

home cfflucnt monitoring program was modified to 

dr-lctc thosc monitonng locations which were idenh- 

licd asnolongcrhavinga potential io (ontnbutetothe 

totd tntium release Bubbler-type samplers arc uscd 

to continuously collect samples which are exchanged 

thrw timcs each weck from thc monitored locations 

I ritium conccntrations in the samplts are measured 

iimg a liquid scintillation photospci trometer 

Tables2 and 3prcscnt thcquantitahvcdata for radio- 

isotopes in airborne effluents dunng 1988 Tnhum 

values include small conlnbutions from background 

(I e ,  non-plant) sources of tnhum 

Dunng 1988, the total quantity of plutonium and 

amenaum discharged to the atmosphere from thc 

plutonium exhaust systems wcrc 15 33 pCi (5 67 X lo5 

~ q )  and 2 02 pci (7 47 x h)' respectively 

The maximum plutonium and amcnaum air conmn- 

trahons were measured from a waste trcatmcnt f a d -  

ity dunng Junc, whcn a conccntration of 0 023 X 10 '* 
pCt/ml(852X 10"' Bq/m3> was mcasurcd for pluto- 

nium and a concentration of 0 00s X l(T"pCi/ml(2 96 

x IO" %/m3) was masunxi  for amcncium ~ h c  

quanhty of plutontum in thisdixhargc was0 318 pCi 

(1 18X 1d Bqland thcquantityofamenaum w a 4  105 

pCi (3 89 X Id Bq) Samplcs collected pnor to aiid 

followng this two-day pcnod wcrc within thc range 

typically measured from this exhaust systcm In Scp 

tembcr 1988, opcrahons in the plant's primary pluto- 

nium rccovcry processing facility wcrc suspcndcd in 

order to accomplish upgrades to safety systcmsand to 

perform a general clcanup of thc facility A phaxd-in 

rcstart of thc facility began in January, 1989 rhc 

dccrcase in plutonium and amcnclum rclcasc activi- 

tics rcported for Scptcmber through Dccembcr, 19130 

reflect the suspcnsion of activities in  this building 

.y. 

The total discharge of uranium from all the exhaust 

systems was 1 1 93 pCi (4 41 X 1 d Bq) The maximum 

uranium concentration of0 009 x IO pCi/ml(3 33 x 

30 L 
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Month 

January 
Fcbruary 
March 
April 
May 
Junc 
July 
August 
Scptcmbcr 
ottober 
Novcmbcr 
Darcmbcr 

Summary 

- 

TABLE 2 Plutonium and Ameriaum in Airborne Effluents 

Number Total 
of b x h a r g e  

Analyscs (pC0 

45 1 10 
47 2 32 
47 2 73 
47 I18 
47 I84 
47 IO1 
47 79 
47 75 
47 11 40 
47 66 
47 I1 
47 1‘ 

562 1-31 

Numbcr Total 

of Dscharge 

Analyses @Cl) 

0 0 0 4 ~ 0 m d  
0 013 +O 014 
0010+0(n4 
0005+0007 
0015+0017 

0 012 5 0  013 
0023+0052 

0 010 +o 010 
0 010 2 0  01 1 
0007+0008 
0003~0003 
0001 tom1 

0 023 2 0 052 

4s 0 17 
47 0 24 
47 029 
47 0 11 
47 0.26 
47 024 
47 023 
47 0.25 
47 0 os 
47 009 
47 004 
47 0 05 

562 2 02 

0001 +00001d 
0005+0ooo6 
0001+_00002 
0001 +ooooa 
0001 +oOoO6 
o m + o  0011 
0001 500002 
ooD4+oooo6 
0001 500002 
0001 + o m 2  
0001 +ooO02 
oooo+ooooo 

0008+00011 

a Kadiochcmically detcrmincd rlc plutonium-239, -240 
b Radiochcmically dctcrmind as amcnaum -241 
c C,, IS the maxlmum measurcd concentration 
d Calculated as 1 % standard deviations on an indiwdual mcasuremcnt 

31 
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TABLE 3 Uranium and Tnbum in Airborne Effluents 

Month 

January 
February 
March 
April 

June 

August 
September 
October 
November 
December 

Summary 

- 

May 

July 

Number Total Number Total 

-rge of c c  
of hscharge mu 

Analyses (lrC3 O( pCi/ml) A ~ l p  (CI) 

53 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 

227 
2.00 
1 49 
1 33 
0 82 

059 
0 71 
O.2h 
0.58 
0 39 
0 6q 

o a: 

0005+0o0Osd 
om+oooo9 
0004~00024 
0 ~ + 0 o o w  
0004+0ooo4 
oaM+oooo4 
0004+0o0o4 
0004+_0ooo4 
0002+00003 
0 003 2 0  0004 
0001+00001 
0001+00002 

261 
260 
275 
262 
278 
275 
240 
21 1 
41 
65 
65 
70 

0 001 
0006 
o m  
0006 
0 002 
0 002 
0004 
om1 
0000 
OOOO 
0 001 
0 001 

658 11 9" 0009+0ooo9 2303 0 015 

a Radiochemically determined as uranium -233, -234, and -238 
b Tnhum IS hydrogen4 
c %ax IS the maximum measured concentratlon 
d Calculated as 1 % standard dewations on an indiwdual measurement 

c c  
muc 

O(IV'* pCi/rnl) 

188+lood 
417 + 250 
135 + 100 
250+180 
243 + 150 
194+120 
loo + 120 
194 + loo 
139 + 120 
97+ 155 
83+ 165 

104+120 

417 + w) 

Collecting Effluent Air 
Particulate Samples 

hrect Alpha Achvity Check Pnor 
to Effluent An Sample Collecnon 
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f/ 
TABLE 4 

Month - 

January 
Fcbmary 
March 
Apnl 
May 
June 
July 
August 
Scptcmbcr 
Octobcr 
Novcmbcr 
Dcccmbcr 

23 

11 Summary 

Beryllium in Airhornc Effluents 

Number Total 
of I)rschargea 

Analyses (n) 

53 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 

0 03% 
0 0018 
0 0129 
0 0131 
o m  
0 0159 
0 0067 
0 0101 
0038 
00058 
0 0102 
0 0061 

658 0 1mC 

C b  
max 

(pg/m3) - 

0 00031 
OooOo3 
oooo43 
000031 
000033 
000025 
0 ooO16 
0 00021 
0 00012 
o m 5  
0 Omlo 
0 0 7  

ooO041 

a Thc bcryllium stahonary-soum emission-standard 15 

no more than 10 grams of berylllium over a 24-hour 
pcnod under the pmwaons of subpart C of 40 CFR 
61 2(a) (Urn) 

h Cmar is the mammum measured concentration 
c This value is not significantly differcnt from the back- 

gmund associated mth the analyses 

* 
@ 

from the vcntilahon cxhaust systcms was 

not significantly above thc background Icv- 

cls assocratcd with thc analyses arid was 

well within the CDH and EPA standards for 

beryllium under the Clean Air Act 

Amlnentair samplcrsanrlocatcd in thc Rocky 

Flats plantsite operahons arca, at thc plant 

penmetcr [at distanccs of approximately 3 

to6kilomctcrs(2 to4milcs) from the plant'\ 

center], and in surrounding communities 

Thesc Rocky Flatsdcsigncd air sampler* 

operate continuously at a volumctric flow 

rate of approximatcly 12 I/s (25 ft3/min), 

collecting air parhculates on 20- X 2 k m  (8- 

X 10-in fiberglass mcdia Manufacturcf s 

test s p f i c a h o n s  rate this filter mcdia to h* 
99 97%efficlcnt forthcrclcvantparticlcsiz~~ 

under conditions typically encountcrcd in 

routine ambient air sampling (SC82) 

33 
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S5, and S16 (Figure 7) 

Samples were collected 

e -  and analyzed wcckly 

1 spcvific plutonium analy- 

514 is pcrformcd Dunng 

1Y88, four samplcs ex- ." 
ccvdcd the TLLa m n -  

ing lcvel and wcrc ana- 

lyzed for plutonium The 
results of thcse analyses 

have been included in 
Table 5 

Filtcrs from 5 of the 23 

onsite samplers are mu- 

lincly analyzcd biweekly 

for plutonium Thesc five 

oiisitc samplers have his- 

torically shown thc high- 

i*\t TLLol activities for the 

sampling nctwork Table 

FIGURE 7 Loca bon of Onsite 
and Plant Rnmetcr 

Ambient Air Samplers 

5 contains thc mcan concentrahons of plutoruum in 

amhicntairat thcsestabonsdunng 1988,aswelIasthe 

minimum and maximum concentrations measured 

throughout thc ycar 

The mcan conccnttahonsof plutonium in ambient air 

at thc  fivc onsite stations dunng 1988 ranged from 

o 149 x I@ too 710 x 10"'p~i/m1(5 51 x IO to2 63 

X 10 'Bq/m3) Theseconcentrahonsarcless than four 

pcrccnt of thc offslte Denved Concentration Guide 

(IXCC) for plutonium in air 

Monitonng for tntium in ambient dir was conducted 

from January 6 to July 26,1988, at onsite locationsS-4, 

The tntium samplcrs op- 

era ted conhnuously a t a 

sampling rate of one-tu- 

two liters of a x  pcr mm- 
Ute Water vapor in the 

sampled airwascollectcd 

ma Pyrex tube filled with 

sllica gel Table 6 pres- 

ents the mean conmntra- 

honsof tnhummea~urcd 

in ambient air at thcw 

thrce onsi tcstatioiisdur- 

mg the January through 

July moni tonng pcnod 

Annual mean conccntra- 

tion of trihuminambient alrat the three onsite sta tions 

ranged from 4 07 x IO-'* t o 4  06 x pci/ml air (- 

2 6 X to -2 2 X 10-'Bq/m3) The ambient tritium 

in air monitoring program was discontinued in July, 

1988 wth the decommsaontng of the Solar Evapora- 

tion Ponds The Solar Evaporahon Ponds wcrc rc- 
placed by two tanks (950,000 and 250,OOO gallons) 

constructed toColorado Department of Health regula- 

tions for storage of hazardous waste soluhons 

Samplcsof airborneparticulatcsarecollected on filtcrs 

by ambient air samplers at 14 locabons along or ncar 

the plant penmctcr These perimeter samplcrs an? 

located between 3 and 6 kilometers (2 and 4 miles) 
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r 1 

TABLE 5 Pluloniurn-239 and -240 Adwi ly  Concentrations in 
Onslte Ambient Air at Selected LOcatmsa 

Numberof Volume 

Stam Anatyses ( X I O O O ~ ? ~  - 
s-5 25 331 
S-6 26 344 
s-7 26 328 
S-8 26 418 
s-9 26 376 

S-6' 1 11 
s-7 1 12 
S-8 1 17 
s-9 1 12 

Concentratbnb (x 1 Vis pCVml)" 

0 054 
0 027 
0 045 
0 114 
0 205 

NAB 
NA 
NA 
NA 

1389 
0460 
1171 
1246 
1179 

NA 
NA 
NA 
NA 

0389 
0 149 
0 515 
0 710 
0 641 

0 059 
0664 
2 129 
1281 

standard 
Deviatbn 

(c mecm) 

0 357 
0 111 
0 369 
0366 
0286 

NA 
NA 
NA 
NA 

Percent 
d DCGe 

d 
195 
0 75 
258 
3 55 
3 21 

0 30 
3 32 

10 65 
6 41 

a 

b 

kr-sampkng stattons S-5 S-6. S-7, S-8. and S-9 are bcared in areas where the potenttal for 
elevated awbome raduactwtty is greatest (see Fgure 7) 
Concentratlons reflect monthly composttes of bmreekly statlon concentrattons Cmn I minimum 
composlted concentration, C,, = maximum composned concentratton, Cmm = mean composlted 
concentratton 
To &am the proper concentratlon, multiply the numbers listed in the table by 1 X 10 '' pCVml For 
example, the mean concentration at S-5 was o 389 x 1 o '* pcuml 
To obtain the proper volume, multiply the numbers listed in the table by loo0 m' For example, the 
air vol~me sampled at S-5 w a s  XN,OOO m3 
The interim standard calculated Derwed Concentratton Gude (DCG) for inhalaton of dass W pluto 
nium by members of the public IS 20 X 10 l5 pCllml (See Appendix A ) Protecton standards for 
members of the public are appimble for offsle bcatuns All kcattons in this table are on Rocky 
Flats Plant properly The DCGs for the puMtc are presented here for comparison purposes only 
Samples from stations S-6 (taken 8/9/88 to SnS/88), S-7 (taken 4/19/88 to 513/88), S-8 (taken 111 
29/88 to 12/13/88). and S-9 (taken 8/23/88 to 9/sla8) exceeded the screenmg QuIde of 10 x 10 l5 

pChi  total bnglwed alpha 
samples The results of these analyses are included for completeness 

c 

d 

e 

f 

Specific plutonrum analyses were performed on these 

9 NA-Not Applicable 
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TABLE 6 Trttum Activity Concentratlorn in Onsite Ambient AK 
(01 /06/88-07/26/88) 

COndenSSed Standard Percent 
pCJrnl air)b Deviatbn of DCGc Number of Air Volume Water Vapor Concentratma (x 

Statlon Analyses (rn? (mls) C mn L a x  C mmn G,,, (C-1 - 
S-4 27 1695 805 -099k124 028&071 -006 043 0 
s-5 25 203 452 -06Ok174 014k127  -006 025 0 
S-16 24 288 603 - 0 9 2 i l 5 0  023k083 -007 039 0 

a 

b 

Concentratms reflect monthly composttes of statlon mncentratms C,,, = minimum composred concentramn. 
C, I maximum wmposRed concentraton, C,, = mean composited concentration 
To obtain the pmper concentratlon multiply the number in the table by 1 X 10l2 pCllmL For example. the mean 
concentratlon at S-4 was -0 06X 10 "pC3rnl 

The interim standard calculated otlsite Derived Concentratton Gutde (DCG) for trRium in air is 200,000 X 10 l2 pCll 
ml (See Appendix A ) 

c 

from the plant center (Figure 7 ) The samplers are 

numbered S31 through SI4 Samples from each 

location are collected biweekly, cornposited by loca- 

tion, and analyzed monthly for plutonium Table 7 

presents the average concentrations of plutonium 

radioactiwty in airborne parhculates at Stations $31 

through S44 dunng 1988 Themean concentration of 

plutonium in ambent air at these locations dunng 

1988 was 0003 X pCi/ml (1 11 X lo-' Bq/m3) 

ThisconcentrahonisO 01 percentof theoffsiteDCG for 

plutonium in air 

Samplesof airborneparhculatesarealso collected at 14 

Collecting Ambient 
Air Parhculate Sample 
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- 
TABLE 7 Plotonurn-239 and -240 ActlvRy Concentratms in Perimeter Ambsnt kr 

Standard Percent 
p umber oi V O I U ~ ~ ~  Concentratma (x 1 0-15 pCl/rnqb Devatlon of DCG~ 

Statlon Analyses (X lo00 m3) C m,n C max C mean (C mwn) (C mean) 

S-31 12 
S-32 12 
s-33 12 
5-34 12 
s-35 12 
S-36 12 
s-37 12 
5-38 12 
s-39 12 
S-40 12 
S-41 12 
S-42 12 
s-43 12 
s-44 12 

268 
296 
375 
371 
319 
327 
41 0 
324 
384 
396 
346 
333 
362 
367 

..- - 
0 OW 
-0 002 
-0 001 
-0 001 
-0 001 
0 000 
0 001 
0 000 
0 000 
-0 001 
-0 001 
0 000 
-0 001 
-0 001 

0 014 
0009 
0 007 
0 041 
0 002 
0 011 
0 027 
0 019 
0 008 
0 002 
0 004 
0 004 
0 005 
0 008 

0003 
0 002 
0 002 
0 006 
0 001 
0 004 
0 010 
0 006 
0 002 
0 001 
0 001 
0 001 
0 001 
0 001 

0004 
0003 
0 002 
0 012 
0 001 
0 004 
0 008 
0 006 
0 002 
0 001 
0 001 
0 001 
0 002 
0 002 

0 02 
0 01 
0 01 
0 03 
000 
0 02 
005 
0 03 
0 01 
000 
0 01 
0 01 
000 
0 00 

Overall 168 4878 -0 002 0041 0003 0 005 0 01 

a 

b 

Concentrations reflect monthly composles of tilten by station bcatms C,,, = minimum mncentratmn CmaX - 
maximum concentraton. Cmem = mean concentration 
To obtain the proper concentration. multlply the numbers listed in the table by 1 X 10 ’’ pCllml For example, 
the mean concentratton at S-31 was 0 003 X 10 ’’ $Xml 
To obtain the proper volume rnultlply the number listed in the table by 1000 m3 For example, the atr volume 

s a w  at s-31 was 268,000 m3 
The Interim standard calculated Dertved Concentration Gude (DCG) for inhalaton of dasr W plutonium by 
members of the pubtlc IS 20 X 10 l5 pCJml Dlnerences in percent of DCG for the same reported mear 
concentraton are the result of rounding dlnerences utilizing raw data 

c 

d 

locations in or near communitics in the vmrutyof the 

Rocky FlatsMant These locations, shown in Figufi8, 

arc Bouldcr, Broomheld, Cotton Creek, &nvcr, 

Golden, Jcffco Arrport, Lafayvttv, lakcview Pornte, 

Lcydcn, Marshall, Supenor, Wagner, Walnut Crmk, 

and Wcstminstcr ~ m p l e f i l t c r s a r c c o l l ~ ~ b i w ~ k l y ,  

compositcd by location, and malyzed monthly for 

plutonium radioactivity Table8prcscnts thcavcrage 

conccntrations of plutonium in airborne pwhculatcs 

at the community stations dunng 1988 Thc mcan 

conccntration of plutonium in arnbrcnt air at thc 

communitv stahons was 0 002 X pCi/ml(740 Y 

10’ Bq/rn’) This value is 001 pcrccnt of the offvk 

DCC for plutonrum In alr 

37 
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TABLE 8 PMonum-239 and -240 Concentratons in Commundy W e n t  kr 

Number of 
Statnn Analyses 

S-51 Marshall 
S-52 Jeffco Airport 
S-53 Supenor 
S-54 Boulder 
S-55 Lafayette 
S-56 Broomfield 
S-57 Walnut Creek 
S-58 Wagner 
S-59 Leyden 
S-60 Westminster 
S-61 Denver 
S-62 Golden 
S-68 Lakeview Pointe 
S-73 Cotton Creek 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
10 
11 
12 
12 

287 
390 
31 2 
361 
361 
336 
365 
348 
396 
255 
220 
305 
397 
341 

-0 003 
-0 001 
-0 001 
-0 002 
-0 001 
-0 002 
-0 001 
0 001 
-0 001 
-0 002 
-0 002 
-0 001 
-0 002 
-0 001 

0002 
0 012 
0 050 
0 028 
0 035 
0004 
0 004 
0 013 
0 010 
0 009 
0 007 
0008 
0 010 
0 005 

0 000 
0 003 
0005 
0 003 
0004 
0 001 
0 001 
0 004 
0 002 
0 002 
0 001 
0 001 
0 002 
0 001 

Standard Percent 
Devtatlon ofDCGd 

0 001 000 
0004 0 02 
0 014 0 03 
0008 0 02 
0 010 0 02 
0 002 000 
0 002 0 01 
0003 0 02 
0 003 0 01 
0 003 0 01 
0 003 0 01 
0003 0 01 
0 003 0 01 
0 002 0 00 

Overall 165 4674 -0 003 0 050 0 002 0 006 0 01 

a 

b 

Concentrations reflect monthly composites of filters by statton locattons C,, = minimum concentralon, C,, = 
maximum concentraton, C- = mean concentration 
To obtain the proper concentratton. muttply the numbers listed tn the table by 1 X10 l5 pCilml For example, the 
mean concentraton at MWSWI was o 000 x IO '' pCl/ml 
To obtain the proper volume, muttply the numbers lwted in the table by 1000 m3 For example, the air volume 
sampled at Marshall was 287.00 m3 
The interim standard calculated offsne Denved Concentratton Gude (DCG) for inhalatlon of class W plutonium by 
members of the pubk IS 20 X 10 '' pCJml Dtfferenoes in percent for DCG for the same reported mean concentraton 
are the result of rounding ddferences uhluing raw data 

c 

d 

4 
d 

c 
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During 1988, monitonng of ambient air included the 

following parameters suspended parhculates, ozone, 

sulfur dioxide, carbon monomde, nitrogen diomde, 

arid lead This monitonng utilized lnstrumentahon in 

R sclfcontained shelter quipped for field sampling of 

nmbicnt air Thcsc SIX parameten arc cnteria pollut- 

n n t s rcgula tcd by thc En vi ronmcn ta I Pro techon Agency 

(EPAjand thestateof Colorado through thecican Air 

Act Amendmentsof 1970and 1977, which includc the 
National Ambient Air Quality Standards (NAAQS) 

and Colorado AirQuality Control Cornnuston Ambi- 

ent Air Standards RcgUlatiOn of critcna pollutants by 
EPA and the State of Colorado is conductcd on a 

regional basis, rather than for any individual facility 

The Rocky Flats Plant monitoring program for thcw! 
pollutants has been conducted to provide baseline 

inlotmation on mteria pollutant air concentrations in 
this area 

Table9 identifics thedetechon methodsand operating 

ranges of the monitoring analyzers with correspond- 

' 39 
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Parameter 

Total Suspended 
Particulates (TSP) 

PM-10 
(Particulate Matter 
less than 10 micrometers 
in diameter ) 

Ozone (03) 

~~ ~~ ~ 

TABLE 9 1988 Arnbwnt Air Monltonng Detection Methods 
and Natlonal Amblent Ar Quality Standards (NAAQS) for Partmhles, 
Ozone, Sutfur Dioxlde, Carbon Monoxide, Nltrogen Dbxtde, and Lead 

Sulfur Dloxide (SO,) 

Carbon Monoxde (CO) 

Detection Methods and 
Analyzer Ranges 

Reference Method (Hi Volume) 
24-Hour sampling 

(6thday scheduling) 

Wedding PM-10 Sampler 

ThermoElectron Model 49 
Ultravdet Photometry 
OC5ppm 

ThermoElectmn Model 43 
Pulsed Fluorescence 
O O c  Dpm 

ThermoElectron Model 48 
Gas Filter Correlation (infrared) 
0 50 pprn 

Nitrogen Dioxde (NO,) 

Lead 

a- Pflmary NAAQS are intended to protect puMc health 
b Secondary NAAOS are intended to protect publlc welfare 
c Not to be exceeded more than once per year 

Monitor Labs Model 8840 
Chemiluminescent 0-0 5ppm 

Reference Method (Hi Volume) 
24 Hour Sampling 
(Atomc Absorptlon Analysts) 

NAAOS Averaging Time 

Annual Gaometnc Mean 
Pnmarya 

Secondacyb 

Primary' 
Secondarybs 

24-Hour 

Pnmary 

24-Hour Average 
Annual Anhmettc Mean 

1 -Hour 
Pnmaryad 

Annual ArRhmelw: Mean 
Pnmatya 

24-Hour 

3-Hour 
Pnmatya 

Secondary 

1 -Hour 

8-Hour 
Primary. 

PrimaryaC 

Annual ArRhmetn: Mean 
Primary. 

Calendar Quarter 
Pnmarya 

d Stattsllcally estimated number of days wih concentrations in excess of the standard IS not to be more than 1 0 per 
Yea - 
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ing rcgonal compliance standards h n n g  1988, the 

monitonng shcltcr was at a location near the east en- 
t n n c c  (gatc 10) to thc plant This is an open area near 

a traffic zonc and is gencrally downwind from plant 

buildings Ambient air data were collected over the 

cntim year mth some limited loss of data due to 

cquipmcnt malfunction dunng thc fourth quarter 

Final EPA rcspirable parhculatcs (PM-10) standards 

wcrc issucd July 1,1987 (US87a) Rctemnce methods 

for this ncw PM-IO standard wcrc isucd by EPA on 

Cktobcr6,and Dcccmbcr1,1987 (UW7b) ThePM-IO 

winplcr that the Rocky Flats Plant ha5 in use is one of 

the two accc.ptcd samplcr designs spw fically descnbed 

iii lhc Oclobcr 6, 1988, Fcdcral R L ~ ~ S I  Two co- 
located PM-10 samplcrs bcgan opcrdtions in the w- 

oiid quartcr of thc 1988 sampling penod The refer- 

cncc rncthod for ambient lead sanipling is still the 

high-volurncsamplcr Thcuxof both TSPand PM-IO 
cinipling is cncouragcd by CDH until qxcihcchanges 

,ire made in statc rcplations that rrtlect the PM-IO 

changes in the fcdcral rcgulations 

Mcasuremcnts of TSP and lead wcrcconducted using 

thc EPA rcfcrcncc high-volume air sampling method 

Thcpnrnaryambicntaa parhculatc sarnplerandaco- 

ltvatcd duplicate samplcr were opera t d  on the EPA's 

sampling schcdulcof onceevery sixth day Parhculate 

ddta arc shown in Table 10 The highest TSP value 
rccordcd in 1988 (a 24-hour sarnplc 1 was 83 pg/m 3 , 

which IS 32 pcrccnt of the former %hour pnmary 

5tsndard of 260 pg/m3 Thc annual pmmetric mcan 

valuc for 1988 was 39 5 pg/rn3, whic h was 53 pcrcent 

of the old TSP pnmary annual p m e t n c  mcan stan- 

dard of 75 pg/m3 The annual anthmetic mean for the 

pnmary PM-10 sampler (unit "(2") was 15.8 pg/m3, 

which was 32 percent of the Pnmary Annual Arithme- 

tic Mean of 50 pg/m3 The observed 24-hour maxi- 

mum was 39 1 pg/m3, whch was 26 percent of the 

Pnmary 24-hour Standard of 150 pg/m3 

The quarterly average lead concentrahonsmair (taken 

from high-volume samples) for 1W were well below 

the pnrnary quartcrly standard of 15 4 / m 3  The 
highest quarterly value detectcd was 0020 @rn3 

collcctcd dunng January, February and March, which 

is lcss than two percent of the EPA standard 

Ambient omnc data wcrc collected using an ultravio- 

let (U V ) photometnc type analyzer Dunng 1988, a 
total of 6526 one-hour ozone samples were collected 

The maximum one-hour value was 0 090 ppm, which 

is75percentof thepnmaryonehourstandardof0 120 

ppm These values are consistent with levels rneas- 

ured in the general Dcnver mctropolitan area dunng 

1988 (CO88) Calibrahon of this analyzcr was doirc 

with a primary standard U V photometer 

Sulfur dioxide sampling was conducted using a con- 

tinuously operating pulsed fluorescence typeanalyzer 

calibrated by use of a ce*hed cylinder gas and a 
dynarmcgasdilution calibrahon system Thecylinder 

gases, as well as themass flowmeters, have traceability 

to primary standards set by the Nahonal Bureau of 

Standards The maximum onchour W2 value rc- 

corded at the plant was 0 021 pprn and the maximum 
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TABLE 10 Onsne AmMerd Aw Qualny Data 
(Nonradkadnre Paramers)-1988 

T o t d S t 1 8 ~ P 8 r t l c u h t 8 8 ( c r g h n ~  

Total Number oi Samples, "A* 

Total Number of Samples, .Bh 
61 
61 

Annual Geometric Mean, Sampler "A" 39 5 
Annual Geometric Mean, Sampler "6" 37 1 

Standard Devtalbn, Sampler "A" 20 1 
19 2 Standard DeWbn, Sampler "E" 

Observed 24-Hour Maximum "A" 83 3 
Observed 24440ur Maximum S" 80 6 

Second Hlghest Maximum, "A" 80 5 
75 2 Second Hlghest Maximum, 'B" 

Lowest Observed Value, "A" 7 0  
Lowest observed Value, "E3" 7 5  

Respkable mrtkulates (PM-I 0) (pg/m3) 
Total Number of Samples, "C" 38 
Total Number of Samples, "D" 40 

Annual Anthmetic Mean, "C" 
Annual Anthmetic Mean. "0" 

15 8 
14 3 

Observed 24-Hour Maximum. 'C" 
Obsenred 24-Hour Maximum "0 

39 1 
36 8 

Second Hghest Maximum. "C 
Second Highest Maximum, "D 

35 9 
33 7 

ozone (PPm) 
Number of Observatnns, Houdyc 6,526 
Anthmtic Mean, Annual 0 032 
Maximum +Hour Concentratlon 0 090 
Second Htghest 1 -Hour Concentratlon 0 090 
Mintmum Observation, Hourly 0 003 

a Primary ambient atr particulate sampler 
b Co-located duplicate sampler 
c Continuous millivolt analyzer wtput is compostted 

and converted to engineering untts for cornpanson to 
NAAQS (see Table 9) 

observed thrcr-hour average valuc was 0019 ppm, I 
I 
I 

~ 

which is four p e n t  of the EPA thmhour standard 

of 0,500 ppm The calculated annual anthmetrc mean 

valueof 0 ppm is ten percentof thcNAAQSannual 

anthmehc mean standard of 0 0 ppm The man- 
mum observed 24-hour average for So, was 0009 

ppm, whrch is SIX parent of the NAAQS 24-hour 

standard of 0 140 ppm 

I 

I , 

The 6500 hourly averages of carbon monoxide (CO) 

data coIlected dunng 1988, using a gas hlter cormla- 
tion infrared type analyzer, yielded an annual anth- 

mehc mean of 0 50 ppm, including a maximum one- 
b u r  average value of 5 00 ppm, which is 14 percent of 

the primary onehour standard of 35 ppm A maxi- 

mum eight-hour average conccnlrahon value of 2 00 

ppm was recorded, which is 22 percent of thc cight- 

hour pnmary standard of 9 ppm. 

I 
k 

The nitrogen diomde (NO2) data contain 5,636 hourly 

averages of continuous sampling and gave an annual 

anthmctic mean of 0 005 ppm, which IS ten pcrccnt of 

the NAAQS pnmary annual anthmctic m a n  stan- 

dard valueof 0 05 ppm Themaximumonc-hourvalue 

notcd dunng this hme p o d  was 0 Q50 ppm 

All conbnuous analyzers were routinely chcckcd us- 

ing established pmsion and opera honal span checks, 

mulhpoint dynamiccalibrations, and established stan- 

dard operahng procedures 

As part of anongoing quality assurance program,allof 

the analyzers werc subpctcd to an indcpendcnt an- 
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TABLE 10 Onslte N e n t  Air Quality Data (coMnued) 
(Nonradioactive Parameters)-1988 

carbon Monoxide(ppm) 
Number of Obsewatlons, Hourly' 
Arithmetic Mean, Annual 
Maximum l - W r  Concentratlon 
Second Htghew 1 -Hour Concentratton 
Maximum 8-Hour Concentratlon 
Minimum Hourly Observation 

Nitrogen Dioxlde (ppm) 
Number of Obsewattons. Hourlf 
Annual Ardhrnetc Mean 
Maximum 1-Hour Concentration 
Minimum Hourly Observatmn 

Sulfur DIoxIde (ppm) 
Number of Observatlons, Hourly' 
Anlhmetc Mean, Annual 
3-Hour Average, Highest 
24-Hour Average, Hghest 
Maximum 1 -Hour Concentration 

bmd!dac 
Total Number 
of Samples 6 

Quarterly Avg 0 020 

6,500 
0 50 
5 00 
490 
2 00 
0 05 

5,636 
0 005 
0 050 
0 001 

6,640 
0 003 
0 019 
0 009 
0 021 

AozJune 
8 

0 008 

Jul-SeD OCt-Dec 

6 6 

0 019 0 016 

a Pnmary ambwnt air particulate sampler 
b Co-located duplcate sampler 
c Continuous millivolt anatyter output IS composned and converted to 

engineering unrts for comparison to NMOS (see Table 9) 
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nual audit dunng 1988 Responses of all but the NO, 
analyzer wae within the established EPA guidelines 

for ambient air momtonng networks & 15 percent) 

Thc oxides of nitrogen analyzer indicated a converter 

cffimncy of less than 90 percent Maintenance pme- 

d u m  were conducted based on this operahonal in- 

dicator 

Rcvlew of theNAAQSdata for EPACnknaPollutants 

over the past several years has provlded a baseline 

database forplant siteneeds Cost benefit analyasand 

thc abscncc of site-spficregulations mandahng this 

monitoring have resulted in a rcscoping of this p m  

gram All parameters except for the sampling of 

particulates wdl be discontinued concurrent with 

publicahon of this report T h r  sampling of total sus- 

pcnded and respirable (PM-IO) particulates wtll con- 

tinue to provide a database tor comparative trend 

analysis 

North Walnut Creek receives surface water runoff 

from the north side of the plantsite (See Figure 4 1 
Holding Pond A-3 on North Walnut Creek is used to 

impound this surface runoff for analysis pnor to dis- 

charge A second control point, flood control Pond A- 

4, is locatcd further downstrcanl 

Ponds A-1 and A-2 arc isolated by valves from North 
WalnutCrcck In thepast, thcwpondshavebecnuscd 

for storage and cvaporahon of laundry watcr This 

practrcr was dlscontinucd in 1980 Thcse ponds cur- 

rcntlyaremaintaincd inastatcofreadincssforcontrol 
of possiblechemical spillsinto thcNorth Walnut Crcck 

drainage basin Disposihon of Pond A-1 and A-2 

runoff water IS through natural evaporation and is 

enhanced by sprayng water through fog nozzles over 

the surface of the ponds Excess watcr that docs not 

evaporate is then recollected by the ponds 

South Walnut Creek receives surface watcr runoff 

from the central porhon of the plant This water is 

divcrted through a culvcrt systcm to Pond l3-4 and 

then to flood control Pond E5 where thc watcr ~4 

impounded for analysis pnor to controllcd offsitc 

discharge 

Y 

In the past, treated sanitary wastewater also was rou- 

tinely discharged to South Walnut Creek This prac- 

tice wasdiscontinued in 1979 Currcntly,dischargcs to 

South WalnutCreek following impoundment in Pond 

E5 occuronlywhcn weather conditions donot pcmiit 

onsitc spray irngation h n n g  1988 trcatcd sanitary 

wastewater was discharged dircctly to Poiid B3 to bc 

used for spray irrigation onto Rocky FlatsPlant buffcr 

zone areas or for discharge to Pond B-5during inclcm- 

ent weatherconditions Pond E5 isdischarged under 

controlled condi hons when Ppnd B-3 discharges, p r c  

apitation runoff, or a combination of the two sourccs 

require i t Ponds B-1 and B-Z,alx, loca tcd in thcccntral 

drainage, are reserved as backupcontrol ponds T h w  

ponds can bc u x d  to retain chemical spills, surface 

watcr runoff, or trcatcd sanitary wastewater within 

the limits of their combined capacitics 
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4urfamrunoff watcrfrom thcsouth sidcof theplants 

collcytcd in an interceptor ditch and flows to surface 

watercontrol PondC-2, where the waterisimpounded 

and anal@ beforcdischarge WomanCreek,also in 

thc south drainage, is isolated from this diversion 

\ystcm Pond C-1 is uscd as the monitonng point for 
Woman Creek 

Dixhargcs from thc Rocky Flats Plant am monitorcd 

for compliancc with appropriate Colorado Depart- 

mc-ntof HcalthStandardsand EPA National Pollutant 

Dixharge EliminahonSystcm (NPDES) permit hmita- 

tions (UWa) Annual avcragc conccntrations of 

clwmical and bolopcal constituent\ of liquid effluent 

snmplcscollcctcdh.omPondsA3, A 4, R3, B-5,and C- 

2 dunng 1988 arc presented in Tahlc 11 The data are 

indicativc of ovcrall water quality for thcse  ponds 

Dit ring 1984, thc plan t NPDES perm, t expired and was 

rcplaccd by a rencwcd NPDES permit with the samc 

wvcn discharge locahons 001,002 003 004,005,006 

and 07 Thc discharge location< m idcntificd in 

7 &IC 11 The NPDES permit plat cs monitoring and 

rrpxhng requirements and limitations on daily con- 

rrntrahons and monthly average c( tncentrahons for 

spcihc parametcrs. There wen iiolat~ons of the 

NPDES permit dunng some months of 1988 The 
\ iolatlons consistcd of e x d a n w  of the allowable 

Ihochcmical Oxygcn Demand (BOI)5) limits dunng 

thrmonthsof February, March, Apnl and May and of 

t licallowable fccal coliform limit for Apri I, 1988 'I able 

12 sumrnarizcs thc 1988 NPDES l'c milt cxccedances 

Thc probablc causc of thc vtolahons to BOD5 pcrmit 

limits hasbeen attnbutcd to inability tommow sludge 

from the Sewage Trcatmcnt Plant (STP) dunng cold 

and wct weather and to sludge dryrng and disposal 

limitations Thcse condihons diminish the efficicncy 

of thc trcatmcnt systcm because the agng sludgc 

which resultsbecomeslessbrologrcallya~vefor treat- 

ing thc waste Lowcrcffiaencyin the treatment proc- 
cssr~ultsin higherlcvclsofBOD,in thc watcnbclng 

discharged from thcfaality Thispmblcmismmmon 

tosimilar treatment systems throughout thcStatcand 

country Rocky Flats Plant hascommissioned studies 

by independent consultantsofboth themand hold- 

ing ponds to k performcd dunng thc wntcr and 

spnng seasons The STP studies arc deslgncd to char- 

actcnzc and optimize processes in that facility 

Onc of the corrcctiveachonsinibated toprovidc rclief 

from the SI" sludge removal problem tncludcs instal- 

lation of ancxpcnmcntal polyurcthanc tilcdryingbcd 

The complction datcot thisdryingbcd is proptcd for 

spnng 1989 

Another corrective action initiatcd to correct the fccal 

coliform violation was increase of the chlorinc fecd 

rate in tu thc drsinfcdant contact basin and installahon 

of a chlonne dispersion system A dechlonnahon 

facllity is scheduled for installation in the spring of 

1989 to prevent chlorine molahons dunng discharge 

Studic5 of the holding ponds were initiatcd to charac- 

tentc algal contnbutioiis to BOD5 lcvcls Thcsc stud- 

' 4'5 
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TABLE 11 Annual Average Concentrations of Chemlcal 
and Biological Constltuents in Liquld Eff luentsa 

Number of 
Parameters Analyses minimumb maximumb meanb 

8 1  
r lb tmww 

W.SU 43 68  
Nltrate as N, mgll 43 117 4 7  1 6  
TdalSuapendedSo#ds.mgA 43 0 14 3 9  
Total Resdual Chlorine, mgh 43 0 09 0 2  0 1  
Total Chromium. mgA 10 4 05 <o 05 405 
Total Phosphorus, mg/l 16 0 5  1 0  0 6  
Fecal Coltform. W160 ml 43 3 312 71 

Bmchemcal Oxygen Demand 15 3 A 0  >15 5 
(BOD,). men 

lMacmwW 

Dlscharm,= 

Dlrchrr<n= 

l2hdwww 

14 6 9  8 1  PH. su 
Nitrate as N, mg/l 14 0 8  4 8  2 3  

Dunng 1988, there were no discharges to offsite waters from the Reverse Osmosls Pilot Plant 

Dunng 1988, there were no discharges to offsite waters from the Reverse Osmos~s Pdot Plant 

PH. SU 20 5 2  8 0  
Nitrate as N, mgA 20 0 04 3 01 181 
Nonvolatile 
Suspended Solids. mgA 20 0 0  5 105 

PH. su 38 68  8 3  
NRrate as N. mg/l 38 0 05 2 67 125 
Nonvolatile 
Suspended Solds, mg” 36 0 0  7 0  1 2  

Dlrchrrt#= - 
PH, SU 4 7 2  0 3  
Nnrate as N, mgA 4 <o 02 0 56 0 19 
NonvoMle 
Suspended Sollds, mg/l 4 0 0  2 0  1 0  

a Examples of NPDES Pemnt hnebons am presented in Table A-2 

b minnnum = m m m m  measured concentrabon maximum = maxunum measured ancentrahon. mean 
= mean measured concentraton 

c The Enwrwrmental Protechon Agency NPDES discharge permit defines the discharge bcabons as follows 
001 - Pond 6-3 
002 - Pond A-3 
003 - Reverse Osmosis Pilot Plant 
004 - Reverse Osmosis Plant 
005-PondA-4 
006 - Pond B-5 
007 - Pond C-2 
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Table 12 Summary of Rodty Fhts Plant 1988 NPDES Permtt Exceedances 

BODs - t ~ @  
Feb 1988 

May 1988 
E iz 

3-y Daily 
Ava. &la& 

l o a  Sb 

30day 7day 
_buo. -8uo. 

collform 200 4oOc 
No 1100 ml Apr 1988 

Fecal 

Reported 
.Resu#s 

3o-daY 
Ava. 

11 
21 3 
>27 
11 

3 M a y  
Bue 

31 2 

a 

b 

c 

This limtallon shall be determined by the anthmetlc mean of a minimum of  three (3) ConSWtwe samples 
taken on separate weeks in a 30 day penod 
Any single analysts andlor measurement beyond this limttatlon shall be considered a vlolatlon of the condi- 
tions of thts permn 
Averages for Fecal Coliform shall be determined by the geometric mean of a minimum d three (3) consocu- 
ttve grab samples taken during separate weeks in a 30day pemd for the 3O-day average, and dwrng 
separate days in a 7day penod for the 7day average (minimum total of three (3) samples) 

ss, which are sbll in process, are indicabng that sig- 

nificant contnbutors to theelevated BODs values from 

thc Pond B-3 discharge slte are high algal populahons 

and other factors unrelated to the STP operabons 

No violabons to the Rocky Flats Plant NPDES permit 

havc occumed a n a  May, 1988 

Pnor to discharge from Ponds A-4, B-5, and C-2, water 

IS sampled and analyzed for gross alpha, gross beta, 

tntium, gamma achwty, pH, nitrate as nrtrogcn (N), 
and nonvolahle suspended solids Water is not rc 

leased i f  the plant acbon level for any paramctcr is 

exceeded In general, these action levcls are bascd on 
EPA and CDH dnnking watcr standards 
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Collection of Grab Water Sample 

Dunng releases from Ponds A-4,55, and C-2 ~II 1988, 

water was sampled conhnuously The samples were 

analyzed later for plutomum, uramum, amencmm, 
tnhum, pH, ~trate as N, and non-vohtde suspended 
solids Water was also sampled continuously and 
collected daily from the outfall of Pond C-1 and col- 
lected from the Walnut Creek at Indiana Street sam- 

plingstahon when there was flow Dadysampleswere 
taken and analyzed for tnhum The darly samples 

were! composrted into weekly samples for plutonium, 
uranium, and amenaum analyses concentrahons of 
plutonium, uranium, amermum, and tnbum in water 
samples from the outfalls of Ponds A4B-5, C-1, C-2 
and fromwalnut Creekat IndianaStreetarepresented 

in Tables 13 and 14. All plutoruum, uraruum, amen- 
cium, and tnhum concentrations at these locahons 

were 13peraent or less of theappliable DOE Derived 

Concentrahon Gdes (DCGs) 

As prev~ously mentioned, surface mmff water fimn 

the Rocky Flats Plant passes through Ponds Ad, B-5, 
and C-2 where the water IS sampled and analyzed for 
radionuclides dunng the discharge process. Dunng 

1988, thecumulativeanmuntsof plutonium fromFnds 
A4, 85, and C-2 were2 9 x l(r5 Ci (1 1 X 16 Bq),80X 

Q (30 x 106 ~q), and 8 8  x io4 o (33 x id ~q), 
respect~vely The yearly curnuhhve totals for ura- 
tuum, were837X lflG (3 1 X 108 Eq), 1.56X lo2 0 
(58 x 108 ~q),  a d  366 x 104 Q (1 4 x 10‘ Q), 

respechvely  he totab for amenaum were 2 7 x 10s 

Ci(10 X 14Bq),84 X lC’Ci(3.1 X 14 +),and 4 1 X 

1 f l  Ci (1.5 X Id Bq), respechvdy 

L 

Dunng 1988, Rocky Flats Mant raw water supply was 

obtained from Ralston Resenmu and from the South 
Boulder Ihemon  Canal. RalWn Reservoir water 
usually contains more natural d u m  radioachwty 
than the warn flowng from the South Boulder D~ver- 
sion Canal. During the year, u m u m  analyses were 
performed monthly on samples of Rocky Flats Plant 
raw water The uranium concentrahons measured 
dunng 1988 are plesented in Table 15. Uranium con- 
centrabons measured dunng 1988 in raw water aver- 
aged 1 6 X lU9 pC~/ml(O 06 Bq/l) or 0 002 pg/ml. 

Apprommately 1226gallon~(4,6401) of wastecontam- 
~ t e d  Hnthpolychlonnated biphenyls(PCBdand1ow- 
level radioachwty are stored in approved hoiding 

faalihes at the Rocky Flats Plant. Some operating 
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Y 

Location 

PQnd A-4 
Pond 8-5 
Pond C-1 
Pond c-2 
Walnut Creek 
at Indiana Streel 

Pond A 4  
Pond 8-5 
Pond C-1 
Pond c-2 
Walnut Creek 
at Indiana Street 

TABLE 13 Plutonarm, Urawm, and Amemurn Concentrattons 
in Water at the Rocky Flats Plant 

Number of 
Analyses rmnimuma maxlmume meana 

Putmiurn cmcmtra ton  (X 1 o - ~  pCvrnqb 

5 - o m *  owe 0091f oO3!jc 002 f omd 
15 0 0 1 7 ~  0054 008 f 004 002 f 004 
32 0 0 3  f 002 006 f 003 001 f 002 
2 009 003 0 1 0 3 ~  0038 010 f 003 

26 0016 f 0025 0 0 3 4 ~  0014 001 f 002 

Uranium Concentraton (X pcl/rnl)e 

5 25 f 02' 112 2 12' 65  f 0 9  
15 21 f 02 8 0  i 0 8  3 8  04  

2 3 5  f 0 3  45  f 0 3  4 0  f 03  

26 08 f 0 1  121 f 1 0  4 8  f 05 

32 o m *  0 2  3 2  0 3  0 9  f 02 

Amenctum Concentration (X lo-' uCVrnl)' 

Pond h-4 
Pond B-5 
Pond c-1 
Pond C2 
Walnut Creek 

at Indiana Street 

5 0013 f 0 0 2 p  003 f 002' 002 f 002d 
15 0 0 0 4 k  002 004 f 005 002 f 003 

2 002 f 002 007 2 003 0 0 5  f 003 
32 0005 f 0023 0060;t 0013 001 f 003 

26 001 002 00672 0032 001 2 002 

Percent of 
DCG 

0 08 
0 07 
003 
033 

003 

1 3  
0 8  
0.2 
08 

1 0  

0 07 
0 07 
0 02 
0 17 

0 03 

a mtnrmum = mmmwn measured concenbabon maximum = maxlmum measured concentrabon. mean = mean measured 

b 
concentralion 
Radsochsm- delermned as plutbluum -239 and -240 The intenm standard calculated Denved Concenmllon Guide (DCG) 

for plutonnnn n water avahble to members of the pubkc IS 30 X 10 pCJml (See Appendix A ) 
Cakulated as 1 96 rtsndard devlabonr of the mdvldud measurement 
Calculated as 1 96 stpnderd denawns of W metan 
Radochemicdly detennmd as uranium -233 -234 and 238 The intenm standard calculated Denved Conwnbabon Gude 
(DCG) for~remrm n wateravadabk to members of the p u b k ~ s  500 X 10 'pCVml (See Appendix A )  
Flacbochermcally &term& as americtum 241 The lntenm standard calculated Denved Concentratmn Gude (DCG) for 

amenaum rn water a v m  to memberc ot the pubkc is 30 x io F C C J ~ I  (see ~ p p e ~ l x  A ) 

c 
d 
e 

1 
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Location 

Pond A-4 
Pond 8-5 
Pond c-1 
Pond c-2 
Walnut Creek 
at Indiana Street 

TABLE 14 Tntum Concentrations in Water 
at the Rocky Fiats Plant 

Number of Tntwm Concentratlon (X lo-' pCl/rnl) Percent of 
Analyses mcnimuma maximuma meana DCG 

5 -270 f 290' 310 320' -60 f 170d 0 
24 -680 f 290 320 f 520 -10 f 190 0 
32 -600 f 500 500 f 360 -20 f 130 0 
3 -300 300 20 f 290 -130 f 220 0 

98 -570k 420 900 f 380 -60 * 140 0 

a minimum = minimum measured concentration, ' maximum = maximum measured concentration, 
' mean = mean measured concentratan 
The interim standard calculated Derived Concentration Gude (DCG) for tritium in water available 
to the members of the publlc is 2,000,000 X 10 pWml (See Appendix A ) 
Calculated as 1 96 standard devlations of the indivdual measurement 
Calculated as 1 96 standard deviations of the mean 

b 

c 
d 

trmsformcrs contain PCBS, and each IS idenhfied, 

pmpcrly labclcd, and protcctcd according to EPA 

mgulations A program IS in place to =place all PCB 

containing transformcrs Analyt~cal results from 

downstrcam waters during 19x8 showed no conccn- 

trations of PCBs in cxccss of tlir malytical dctcction 

limit of approximately one part peer billion 

1988 Thc application was completed by hccnwd 

independent contractors using EPA approwd chcmi- 

cals applied stnctly according to the manufdctirrcr's 

label Peshcides uscd in or near surface waters are 

approved by the EPA for such use Rockwell personnel 

conducted inspections to cnsure compliancc with the 

appropna tc regula tionsgovcming application of hcrbi- 

cidc9s 

A vcgctation control program using chemical herbi- 

cides was conducted at the Roc k l  Flats Plant dunng 
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TABLE 15 Uranium Concmlons in the Rocky Flats Plant 
Raw Water Supply 

Number of Uranlum Concentratmi (X IO-* pcumt)a Percent of 
Locatwn Analyses minimumb maximumb meanb DCG 

Rocky Flats 
~ a w  ~ a t e P  12 03&01d 44k03d 16  k 0 d  0.3 

a Radmchemlcalty determined as uranium-233, -234. and -238 The Interim standard calculated 
Derived Concentraton Gutde (DCG) for uranlum in water available to members of the public ts 500 
X 10 ' pCVml (See Appendm A ) 

minimum = minimum measured concentratlon, maximum P maximum measured concentratton. 

mean = mean measured concentraton 

b 

c 
d 
e 

Source of raw water - Ratston Reservotr and South BouMer Diversion Canal 
Calculated as 1 96 standard devlatlons of  the indnndual measurement 
Calculated as 1 96 standard devmtlons of  the mean 

- 

- History- Ground water monitoring for radionuclides 

arid othcrparamctcrs hasbeen conducted at the Rocky 

FIals Plant s i n e  the first monitonng wells were in- 

stalled in 1960 Ground water mcmitoring wells have 

bcw pcrmdically addcd to this nctwork as appropn- 

ate By 1985, a total of 56 ground water monitoring 

wclls had bcen installed at the Rocky Rats Plant A 

rnapr upgrade in the moni toring program occurred in 

1985 when installahon of new stainlc.Ss steel monitor- 

ing wclls was begun to monitor fc 'r ihc United States 

Enwronmental Protection Agency's Resource Conscr- 

vahon and Recovery Act (RCRA) chemical parame- 
ters The chemicals monitorcd are typical of thosc 

which might & generated at hazardous wastc man- 

agement facilities 

Envlronmental charactenzations at Rocky Flats Plant 

currently are required by the U S Environmcntal 

Protection Agency (EPA), theColorado Department of 
Health (CDH), and the Department of Energy (DOE) 
As part of a plant-wide geologc and hydrogeologic 

charactenzation in 1986 , monitonng wells were in- 

stalled in the RCRA regulated units (West Spray Field, 

Solar Evaporation Ponds, and Present Landfill) Thesc 

units received vanous typcsof rcgulatcd wastes after 
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1982 AdditionalRCRA-quality wellswereinstalledat 

waste management sites that received various wastes 

prior to1982 Thcscsites,regulatcd underthecompre 

hcnstvc Enwronmcntal Response, Cornpensation,and 

Liability Act (CERCLA), include the High Pnonty Site 

(the881 Hillside Am)  and the Medium Pnonty Sites 
(the903Pad,Moundand EastTrenches Areas) Atotal 

of 69 RCRAquality wells werc installed In 1986 

A hydrogcologic charactcnzation report and plans for 

ground watcr monitonng were included in theRCRA 

Part B permit applicahon submitted to CDHand EPA 

in Novcmbcr, 19% An annual report discussing the 

RCRA rcgulatcd units is submitted to CDH and EPA 

Rcgion Vi11 by March 1, of cvr-ry ycar This report 

addrcsw thc current status of cnch RCRA regulated 

uni t's monitonng network, contaminant concentra- 

tion, location, and ratc of moht mcmt 

Hydrogcologic investrgations c onhnued in 1987 and 

consistcd of thc installation of 67 ground water moni- 

toring wells Rcsultsof thcinvc4hgahonscanbe found 

in thc Rcmcdial lnveshgahon Rcport for the 881 Hill- 

side Arca,(R188)and theRemedial InveshgatmnReport 

for thc  903 Pad, Mound and East Trenches Areas, 

(R187) Both of these reports can be found at the 

Colorado Dcpartmtnt of Health. the Environmental 

J'rotcction Agcncy Repon VI11 and other Federal 

dociirncnt wpositones in the d r w  

Work Plan for 1989 

Ground water monitonng will bc coordinated by the 

Plant's RCRA KERCLA Program5 with sampling and 

rrnalysis on a quarterly baw. I( r 1989 Analyhcal 

Table 16 Ground Water MonRonng 
Parameters 

lndlcatars 
Temperature 

PH 
-IC Conductance 

Metals 
€PA Target Anaiyte List Metals 
(including 24 ddferent metals) 

Lahum 
Cesum 

Molybdenum 
Strontwm 

Anions 
Bicarbonate 
Carbonate 
Chloride 
NRrate 
Sulfate 

Qraanlcs 
EPA Target Compound List VOCs 

(mduding 34 ddferent Volatile 
Organc Compounds) 

Badtonuclrdes 
Gross Alpha 
Gross Beta 

Uranium-233, -234, -235. -238 
Amemurn-241 

Pkrtonrum-239, -240 
Tritium 

--- 

I 

parameters are listed in Table 16 

Natural vanability of background concentrations tor 

the analytcs of interest in all ground water invcstiga- 

tions at the plant must be dctermined in ordcr to 

obtain a mcaningful cornpanson and resolution of aiw 
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con taminant problcm Therefore, a comprehensive 

hackground charactmzahon forpund waterquality 

has bccn initiated 

Draft plans for additional invs&ahonof the Medium 

Prionty Sites - 903 Pad, Mound and East Trenches 
Arcas - were completed in 1988 and subrmtted to EPA 

and CDH for rcview and comments The strabgraphc 

complexity of the ArapahoeFormabon will be investi- 

gated using high mlut ion  smsmc reflechon 'Ilus 

program will optimize the ground water motutonng 

net work Draft plans for theremedial invesbgatnonsof 

the Low Pnorrty Sitesalso wcrecompleted in 1988and 

submitted to EPA and CDH for review and comment 

Further charactmzahon of RCRA nplatcd unrts will 

consst of the installahon of an additional 55 ground 

water moxutonng wells A network of apprommatcly 

126 piezometers also wdl be installed wthm thc plant 

buildings awa in order to charactem ground water 

flow dynarmcs 

Geology-Surfma1 matcnalscons&of theRocky Flats 
Alluwum, alluvial deposits in the valleys, and collu- 

wum (slope wash) The Rocky Rats Alluwum is 

topographically the highest and is the oldest of the 

alluvial depositsin thewdnity of the plant (See Rgum 

9 1 The Verdos Alluvium, Slocum Alluvium, Terrace 
Alluwum, and Recent Alluwum (lowest channel 

FIGURE 9 Surface Strahgnphy 
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2 
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LARAMIE FOX n u s ~ o u i f ~ ~  

Or( ROCUV FLATS ALLUVIUM wM$ Kll LOWER LARAMIE FORMATION 

I(. ARAPAHOE FORMATION o..'o K h  FOX MILLS SANDSTOM 

KIu UPPER LARAMIE FORMAllON Kp PIERRE WALE 

Or VERDOS ALLUVIUM 

RGURF 10 Geolog~c Cross-Sechon in the Rocky Flats Plant Arca 

dcposi ts 1 arc found in the dramagesand arepnmanly 

reworkcd Rocky Flats Alluwum with the addition of 

somc bedrock matenal The Rocky Flats Alluvium is 

c o m p n d  of poorly sorted Quaternary deposits of 

sand, gravel and cobbles within a clay matnx It has a 

varymg thickncss due to the underlyng undulating 

bcdrock surface The tluckest prhon occurs on the 

wcst side of thc plant (up to 100 fcct) and it is thnnest 

to nonexistent on the east edge of thc plant 

Bcdrock at the Rocky Flats Plant 19 compnsed of two 

poorly indurated fluvlal formahons of Cretaceous age 

- thc Arapahoe Formahon (Ka). which is immcdlately 

bcncath thc 384 acre security-fend area of the plant, 

and thc uppcr Lararme Formation (Klu) which under- 

lies the wcst buffer zone (See Figure 10 ) The Ara- 

pahoc consists of fluvial claystone+ with interbeddcd 

discontmuous lenticular sandstones and siltstoncs 

Weathennghaspenetrated thebedrock1040fcct below 

the surfiaal matenal The Lararme Formahon can bc 
separated into two geologcal units The uppcr Lar- 

amie consists pnmanly of fluvial claystonc with dis- 1 

conhnuous thin sandstone lcnses Thc lowcr Laramie 

IS compnsed of sandstoncs and siltstones with intcr- 

bcdded claystoncs Drectly under theplant,both for- 

mations dip approximatcly seven degrces eastward 

toward the Denver Basln 

Hvdroeeology-There - are basically two hydraulically 

connected ground water flow systems at the Rochy 

Flats Plant These ocrur in the Rocky Flats Alluwum 

and other surhaal materials (including vallcy fill 

materials), and in the bedrock, primarily thc clay- 

stones and sandstones of thc Arapahoe Formation 
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The shallow ground water flow system occurs in the 

Rocky Flats Alluwum and other surfiaal matenals 

under unconfined condibons. Thissystemisrecharged 

by infiltrahon from inadent precipitation, creeks, 

ponds,surface water diwrslon canalsand spray evapo- 

ration/imgation systems Monthly water level meas- 
urements show this system to be quite dynarmc, wth 

large fluctua hons in water table elevations in response 

to scasonal and other stresses Largc areas of little or 

no saturated conditions exist in thc alluwal systems. 

Flow direction of water in the alluvial system gener- 

ally follows topography, to the east and toward drain- 

ages In addition, water flow direcbons arecontrolled 

by the topography of the bedrock surface beneath the 

surficial matenals Ground water discharges to the 

surface enwronmcnt through evapotranspiration and 

bascflow to spnngs and stream channels 

The mapnty of the ground water movement in the 

Arapahoe Formahon occurs in the sandstone lenses 

Recharge to the sandstone lenses occurs where they 

arc in direct contact with thealluvium (subcropareas) 

orby leakage through the weathered claystone Ground 

wa tcr flow iseasterly b a n  area of discharge along the 

South Plattc River, in the general a m  near Fort L u p  

ton, Colorado 

Saniplinp and Analvsis 

Quarterly sampling was conducted for selected pre- 

1986 wells and all of the wells constructed through 

19% and 1987 A total of 159 monitonng wells are 

currently sampled quarterly (Fipirv 1 I ) Ground 

water quality pammetcrs analyzed in 1988 are shown 

in Table 16 All of the third and fourth quarter data 

were not available dunng preparahon of this q o r t  

Due to theamount of data involved,only thoscvolahle 

organic compounds (VOCs), inorganic compounds, 

metalsand radicmucl~desmostprevalent ateach RCRA 

andCERCLAslteetepresented Completedanalybcal 

results for these parameters are found in the 1988 

annual RCRA ground water monitoring report for 

regulated units at Rocky Flats Plant (RIB) and the 

Remcdial lnvesbgtion reports for the903 Pad and 881 

Hillside areas. W87, RIM) 

The results of ground water sampling and analyses, 

including the rangeof 1988 concentrahons fromavail- 

able data and plume nugrabon for each of the regu- 

lated units at the Rocky Flats Plant are discussed 

below The areal extent of contamination is depicted 

by themost mobilecontaminant -in most c a m  nitrate 

The locahon of the contanunatcd plumes is shown in 

Figure 12 

Data Analvsis- RCRA Units 

Ground water quality data indicate that VOC and 

nitrate contaminabon exwts in the alluvlum of several 

areas Theextentof plumemigrahon foreachconshtu- 

ent is well Hnthin the plant boundary (Figures 11 and 

12) The most prevalent VOC, tnchloroethylene(TCE) 

is present In the alluwum beneath and adpcent to the 

solar ponds at mncenh'ahons as high as 8,000 ug/l 

(For the purposes of this report, 1 pg/l is approxi- 

mately equivalent to 1 ppb and 1 mg/l is approxi- 

mately equivalent to 1 ppm 1 Nitrate concentrations 
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I 

btwath and adpccnt to thcsolar pndsnngcd from a 

Lhickgmund conccntnhon of I 5 mg/l to 12,10Omg/t 

Total Uranium conccntrahons in thc vlcinity of the 

Solar Ponds ran@ from a background concentrahon 

of 2 42 pCi/l to 358 pCi/1(8 95 x 10 Bq/l to 13 2 &I/ 
I )  Trihum conccntrahons ranged from a background 

concentration of 593 pCi/1 to 9 0 pCi/l(219Bq/l to 

330 &/I) Thc gmrcral pattcni of highcr conccntra- 

tions (Figure 12) decreases rapidly away from the 

ponds in a north easterly direction 

Thcrc am cumcntly noconclusivc indicationsof degra- 

dation of bcdrock ground watcr quality by the Solar 

I'onds, with thc cxccption 01 uranium and nitrate 

directly bcncath thc ponds (KIHW 

Rcwlk  of ground watcr quality investigations at the 

WL\.ct Spray Ficld Arca indicatc .I nitdcst incrcasc in 

dx)vc-biickgmund ni tratc concc 11 t rd tionsbcncat h and 

immcdiatdy upgradicnt of thc unit VOCs arc not 

prcscnt in dctcctabkconccntraticrnsat thc Wcst Spray 

h l d s  Nitratcconccntrahons bcneathand adpcmt to 

thc  Wcst Spray Ficld range from a background conccn- 

tralionofl 5mg/l to67mg/l Iota1 uraniumconccn- 

tmtionsrangc from04 to 12 8 pC i/1(1 5 X 10 * Bq/l to 

1 7  X 10-' Bq/l) Figure 12 indicdtcb that the highcr 

conccntrationsof nitratcsarc w1 thin thvboundarics of 

the West Spray Ficld 

I hcrc is no indicahon of contaminant migration in the 

hcdrock bcncath or adpccnt to thcl Wcst Spray Flcld 

(RI89) 

Rcsult5of ground watcrqu,ib:y ana1yx.w Ihr arw ,)t 

thcprcscnt Landfill indicate thiit thchndfill may bca 

source of clcvatcd sulfate, bicarbonatc and total stron 

tium to thc adpccnt alluvial ground watcr I +owcvcr 

thr contaminant plum is largcly confincd H ithin tlic 

landfill propcr VOCs arc not prcscnt Lxiwath or 

adpccnt to theprcscnt Landfill Sulfatcconrrntrations 

kncath and adpccnt to thc prcscnt Lmdlill raiigvd 

from a background conccntration of 27 mg/l to Jhtkl 1 . J  

mg/l Strontium conccntrabons ranged from 0 16 

mg/l to 9 46 mg/l Uranium concentrations r~ngcd 

from a background concentration of 2 8 $I/] to 7 4 

p ~ i / ~  (1 OS x IO-' R ~ / I  to 2 7~ 10.' &/I) I ~ C  cxtcnt 

ot plume migration for thr above constitiic,rt\ is M 1\11 

within the plant boundary as shown cln Rpirc I2 

radioactivc isotope of strortium (5.-4)) w a ~  ,in.ilyzi i 

for in 1987and found to be aninsignificant Crintribiitl \r 

to the total wontiurn conccrtration\ 

L 

Data Analyes - CERCLA 

Ground watcrqualitydata iildicatc thal VOi ccti\tsw 

nation cxistsin thcalluviuni of cach ot the high yncwr 

remedial investigation (RUarcas Trie cxtcnt of pluii t 

migration o f  thc major contaminants is well i\ 1 thin t h  

plant hrnindxy,a~indicatcd inFigura11 and 12 Utik  

to thc closc proximitv of mnicawas to cach olhcr 1) 1 

contamination coin c'rgL5 in scvcral Ioxatimi\ Rcl+ 

tixc conccntrations of the nmpr wiitamiii,ili4k i' 

thwc KI arcas dunng 1988 arc d i s c u s 4  h l o r r  

At thc 881 H~llsidc Arca, thc mo4 prrvaloit V f X  

tnchlorocthvlcnc 'TCF) is prcscnt at concc~\tr.ition~ 
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r,rnging up to 15,500 pg/l 

r m p  from bclow dctcctablc to hl 7 mg/l 

Nitrate con~ntrations 

Uranium-2-33 conccntrations rangc from below detect- 

able to 24 pCi/1 (bclow dctectablc to H 9 X 10' Bq/l) 

rntium concentrations are gcncrally lcss than 220 

pCi/l (8 1 &/I) Plumc migration ti1 thc  alluvium at 

~ h c  881 llillsidc Arca IS gcnc.rall\- iwlatcd at a site 

which wa\ historically u x d  for driirn storage (Figure 

I I ) Wrtxck ground watcr in thc \ iciiiity of thc 881 

I IiIl~idc Arr'adocsnotappcar to& rl~cttrdbyalluvial 

pliiiiie migration bcncath that arc ,I 

IZC \Ult\c)f ground watcrquality analvws at thc Mound 

.ind h , t  rrcnchcs Areas indicate niodcvate TCE con- 

11 titrations cxtcndingcastward front thc mound arca 

to thccastof thcEastTcnchrs Arc*.# (1 igurcJ2) This 

pliirnc. cxtcnds to approximatclv 'AH) l w t  (1700 mc- 

It r-4 wc-t of Indiana Strcct (within IX )F property) 

IC I conwntrations in this area ~ , i n p  from bclow 

~I~~ectablc to 221,860 pg/I Nitrat1 I !)nb c-ntrations in  

11w ,ma rangc from lcss than 0 (P IO 4 42 nir/! Ura- 

iiiuin-238 ccmccntrahons rangc froitr 0 b to 2 1 *1/1 

(2 7 X 10' to 78  X 'IO 3q/l) Tritiriin conccntrations 

L ~ C  re a11 IPSS than 220 p C i / I  (8 1 EA1 / I  

I I d r o c k  ground watcr in thc \~iciiiity of thc East 

1 rc IN hcsappcarsto haveanclcvatcd oiiccntrationof 

\ O( 4, indicating a downward mtf r ition of thc con- 

twii i i . int plurnc from the Mound i d  I act Trcnchcs 

A I1  ai\ 

tctrachlomthylenc(PCE) and TCEcontarnirwtion lw vc 

alimitcd latcralcxtcnt in thealluvrum TCEconccwtra- 

tionsrangefrombelowdetcctable to l l ,Opg/l  PCT 

conccntrations range from below detectable to 212 

pg/I Nitrateconcentrationsin the903Pad Arca range 

from lcss than 0 02 mg/l to 5 91 mg/l Uranium-238 

conccntrahons ranged from 0 12 to 28 @/l (4 4 X 
lo-' to 1 OBq/l) Tntium concentrabons rangnl Irrm 

lcss than 210 pCi/1 to 370 @/I (7 8 to I4 &/I) 

Rgu rc 1 2 indica tcs that plume migra t ion in Ihc 903 Pad 

Area has a limited lateral extent, I c ,  IN) closcr Lhm 

approximately 1 6kilomctcr(one-milc) from t h l  Plant's 

castcrn boundary Bedrock to thcsouth\\c+t of thL*901 

Pad contains clcvatcd PCE, TCE and Uranium 2 t\ 

The concentrations of VOC in the sandstones c*f : lr*  

bcdrock indicatc that thcsc undstoncs arc bcrnq rt 

chargcd by the overlying alliivium whirh contarn- 

highiv VOC3 in thc 903 Pad Arm 

wire Monitonng; 

Ground water monitoriiil; will ~\)nt inur  on a i p i  tw!\ 

basis for 1989 Analjtical paramctcrs arc p,i\\\n in 

Table 16 Monthly watcr lcvel nwasurcmcnts aici will 

continiic in ordcr to better charactcnzc flow pathmi\ 

Additional phascs of the remcdial ~nvc%hgations f o r  

the mcciiuni prion tysites will bcgn in 1989 Invt \ t  it;; 

tion4 for KCRA Closure aChVitiC5 will bcgm in the* 

spniig of 1989 Rcmcdial Invcstigahons of th(*  ow 

pnontv 3itrs will hcgm in the autumn of 1989 

invcstiptions will furthcr assess the facility's rnrl)acf 

on thr ground walcr systcms FcastxIity stuJieI .< 

initi,itctl thc d ~ ~ ~ c l o p m r n t  and wk!cti(iit ot c t f t  t i \ t  

' 
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corrwtivc action mcasurcs for t hc high pnonty arcas 

Construction of fanlihcs to bc uscd for corrective 

actions, such as water treatment systems, currently is 

proposed to W n  as early as the fall of 1989 

Regional watcr monitonng includes sampling and 

analysis of public watcr supplim and tap watcr from 

wvcral surrounding CornmunitiCs Howcver, only 

Crcat Wcstcrn Rcscrvoir and Standley Lake, of the 

wgional water supplies, rccciw runoff from Rocky 

Flats Plant drainagc systems Ihgurc 4) The Rocky 

Flats contnbutions to radionut Iidcs in rcgional watcr 

wpplics through airborne cmiwons wcrc estimated 

in thcPlant Environmental I m p  t Stdtcnicnt (UssOa) 

Phcw contnbutions wcrc nc gliqiblc comparcd to 

contributions from fallout dnd wtural background 

Wdtcr samples wcre collected wwkly during 1988 

from Crcat Wcstcrn Reservoir .t water supply for the 

C ity of Broomfield, and from Standley Lake, a water 

wpply for thcCity of Wcctminstcr and porhonsof thc 

Citic\ of Thornton and Northglcnn The weekly 

wrnplm were cornposited intoa monthly sample, and 

.walyscs wcrc performed for ~ I I I  tonium, uranium, 

mid amcnclumconccntrahons I rrliumanalyscswcrc 

cnnducrcd on wcckly grab saniplcs Annual grab 

k?mplcs wcrcalso collcctcd from thrcc rcgional rcscr- 

voirs (Ralston, Ddlon, and Boulder) and thc S t i l h  

Boulder Divcrnon Canal at d~stanccsrangmg from 1 6 

to 96 kilomctcrs (1 to 60 milts) from the plant Thcw 

samples were collected to dctcnrunc background data 

for plutonium, uranium, amenaum, and tritium in 

water Thw data arcprcxntcd in Tablcs 17 and 18 

I 

Dnnlung water from Boulder, Broomfield, and Wcst- 

minster was collcctcd weckly, preserved, compmtcd 

monthly, and analyzed for plutonium, uranium, and 

amcncium Tnttum analyses were pcrformcd on 

wwkly grab samples Quartcrly grab samples of tap 

watcr wcrccollcctcd from thccommunihcsof Arvada, 

Dcnvcr, Golden, Lafayettc, Louisville, and Thornton 

Samples WCTC analyzcd for plutonium, uraniilrv 

amcncium, and tnhum Thcsc data arc prcwntcrl in 

Tablcs 17 and 18 

Evaluationof thcrcgianal wscwoiranddnnking watcr 

data indicates no unusual trcndsor rcsults l'hhc pluto- 

nium, uranium, amcncium, and tritium concenlra 

tions for thc regonal rescrwirs rcprcscntcd v n , t r  

fractton (0 4 pcrccnt or less) of thc DOE Der,* cd O,I- 

centration Guides (DCGs) Thc abcrage pliitoniir? 

conccntration in Great Wcstcrn Rcscrvotr rsas 0 OM a 

1O9pCi/ml(1 5X10-4Bq/11 Thisvalucisin thcrant,. 

of concentrations predicted for Gmat Wcstcrn Kcwr 

voir i n  the Plant Environrncntal Impact St,itcnrait 

(UsOOa) The values pvcn in the En rirOnmcii~nl Ins 

pact Statement arc bascd on known low-lcvcl plutc\- 

niiim conccntrations in thc rcscrvoir scdimvnts Rc- 
siiltsof the 1QM plutonium,uranium, nmcnciiim, and 
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Number of 
I ocalion Analyses 

Reservoir 
Boulder 
Dillon 
Great Western 
i11kton 
bouth 6orilder 

5tar id ~y 
&nkina Water 

flo 11 lder 
Droomfield 
Ilrnver 
Golden 
1 AI iyette 
1 ouisville 
Thornton 
W0:tniinster 
Reservoir 

f \ r  iildo 

I hl'cri 
C r t >  11 Western 
Rd5ton 
houlh Boulder 

'dandley 
Orinkina Water 

Arv ida 
f3Oolrldrr 
Rroomf ieM 
1)enver 
fAolden 
I if,iyerte 
LrJtilsJl'ie 

' h )  rllcn 
Wc ' lmiistpr 

Illversion Canal 

A I v J 

Diversion Canal 

1 
1 

12 
1 

1 
12 

4 
12 
12 
4 
4 
4 
4 
4 

12 

1 
1 

12 
1 

1 
12 

4 
12 
12 
4 
4 
4 
4 
4 

12 

TABLE 17 Plutonium and Uranium Concentrations 
in Publtc Water Supplies 

0004 f omc 
-0005 * 0028 
-0003 0007 
0025 f 0033 

-0003 0028 
0004 f 0006 

0018 002e' 
-0002 2 0003 
001 2 003 
-0013 2 0029 
-0005 f. 0028 
-0012 2 0026 
-0005 2 0030 
0002 2 0027 

-002 2 003 

0004 f omc 
-0005 f 0028 
002 f om 
0026 0033 

-0003 f 0028 
006 f 004 

010 f 0029' 
0009 2 0008 
006 2 003 
006 004 
0008 0029 
002 f 0030 
0014 2 0031 
005 f 004 
0018 f 009 

0004 f O02gd 
-0005 f 0028 
0004 f 003 
0026 f 0033 

3003 0028 
DO05 2 0016 

0002 f 0O2!Jd 
0000 f 0011 
001 f 002 
0008 2 003 

-0001 2 003 
-0004 f 0029 
0005 003 
0019 f 003 
000 2 001 

Uranium Concentration (X pcml)' 

0 4  01' 0 4  2 01' 0 4  f O l d  
0 5  t 0 1  0 5  f 0 1  0 5  f 0 1  
P ?  f. 01  3 6  f 0 3  205 022 
0 9  f. 0 1  09 2 0 1  0 9  f 0 1  

0 5  t 0 1  0 5  f 0 1  0 5  2 0 1  
1 0  f. 0 1  2 8  f 0 2  18  f 02 

-009 f. o0gc 
-003 f 009 
05 0 2  
024 f 008 
039 008 
009 f 007 
008 f 009 
1 7  I. 0 2  
0 30 2 009 

057 2 012' 039 t 014r 
0 5  2 0 2  023 f. 011 
2 6  2 0 2  117 015 
1 9  02 092 2 014 
2 1  ;t 02 112 t 015 
024 2 01' 017 009 
028 2 009 013 2 012 
33  f 0 3  187 2 021 
1 4  2 0 1  062 013 

Percent of 
DCG 

0 01 
0 
0 01 
0 09 

0 
0 02 

G 
0 
0 03 
0 03 
0 
0 
0 02 
0 06 
G 

3 08 
lll 
0 4i  
@ 2  

( r 7  

3 36 

J 08 
0 05 
0 33 
C 18 
c' 22 
C 03 
c 03 
0 37 
0 12 

1 minimum = minimum measured concentratan 

mean = mean measured concentration 

maximum = maximum measurekf mncentratlon, 
c, 

b Radiochemically determined as plutonium 239 and 240 The calculated Derived Concentration Guide ,DCG) 1- 
plutonium in water available to members of the puMc IS 30 X 10 ' pCVml (See Appendix A ) 
C-ilculated as 1 96 standard deviations of the indivldual measurements 

(J Cnl-dated as 1 96 standard devialiom of the mean 
ti ?(! ochemically determined as urarwm 233. -234, and 238 The calculated Derwed Concentratan Guide (Dr . I  lor 
umium in water available to memt)eI 01 the publlc is 500 X 10 ' pCi/ml (See Appendix A ) i 
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Number of 

Localan Analyses 
Resenroir 
Boulder 
Dillon 
Great Western 
Rakton 
South Boulder 

Standley 
Q&!&~J Water 
Arvada 
Boulder 
Broomf @Id 
Denver 
Golden 
Lafayette 
Louisville 
Thornton 
Westminster 
Reservoir 
Boulder 
Dillon 
Great Western 
Ralston 
South Boulder 

Standley 
Drinkina Water 
Arvada 
Boulder 
Broomfield 
Denver 
Golden 
Lai ay ette 
Louisville 
Thornton 
Westm inster 

Dwerslon Canal 

Oiverslon Canal 

1 
1 

12 
1 

1 
12 

4 
12 
12 
4 
4 
4 
4 
4 
12 

f 
1 

48 
f 

f 
48 

4 
12 
12 
4 
4 
4 
4 
4 
12 

TABLE 18 Amerfctum and Trltwm Concenlralons 
in PUMIC Water Supplies 

minimuma maximuma meana 
Amkiwi Concentration (X 10" pCVml)b 

0015 0026' 0015 f 0026' 0015 i 0 0 2 6 d  
-0005 f: 0028 -Om f 0026 -0005 ~ 0 0 2 6  
-0004 0005 0011 f 0007 0003 2 0 0 0 8  
0002 f 0025 0002 0025 OW2 io025 

0016 f 0022 -0016 0022 -0016 2 0022 
0001 2 0006 002 2 003 0007 k001 

-0008 f 002' 0018 2 0030' 0002 

0001 f 0006 0017 k 0008 0 006 
-0002 0005 002 2 0007 0003 

0005 0023 0004 2 0025 -0001 
0009 f 002 0003 2 0025 -0004 
0014 2 0022 0021 0025 -0002 
0016 f 0022 0005 f; 0023 0009 
0000 f 0024 0060 i 0032 0 026 
{)OM 0005 0025 oooa 0 005 

Tritium Concentration (X IO vci/ml)' 

f 0 024d 
2 0 06 
f 001 

003 
f 004 
f 002 
f 0 02 
f. 002 
f 0 006 

227 f 521' 227 2 521' 227 521' 
360 f 280 730 590 30 x 120 

740 f 290 1380 ;t 520 10 f 130 

340 f 260' 
610 530 
500 f 420 
410 f 520 
400 j: 260 
250 2 260 
280 2 520 
'300 1: 260 
'00 2 290 

310 2 540' 
600 f 600 
640 2 610 
10 2 520 

300 f 540 
30 f 300 
90 f 520 
150 2 530 
740 2 600 

30 2 420d 
-20 130 
-20 f 120 
-230 420 
50 j: 420 
-60 420 

-130 f 420 
-50 1: 420 
10 2 130 

Percent of 
DCG 

0 05 
0 
0 01 
0 007 

0 
0 02 

0 007 
0 01 
0 02 
0 
0 07 
0 
0 
0 09 
0 02 

0 01 
0 

0 0005 

0 
0 
0 
0 
0 
0 
0 
0 
0 0005 

- 
3 minimum = minimum measured concentration, maximum = maximur measured concentraton, mean = mean 

measured concentratlon 
b Radlochemcally determined as americium 241 The interim standard caiculated Derived Concentratan Guidr; (T'CC 

for ameriaum in water available IO members of the publtc is 30 X 10 pCiiml (See Appendix A ) 
c Calculated as 1 96 standard deviations of the indtvidual measurements 
d Calculated as 1 96 standard deviations of the mean 
e The interim standard calculated Pcwived Concentraton Guide (DCG) for tritium in water available tc nembei- 0' the 

public IS 2,000,000 X 10 'pCi'm (See Appendix A ) 
f Not analyzed 
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Intiiim data for dnnking water in nine communihes 

\I crc within thcbackground range Alldnniungwater 

valucs wcrc0 37pcrccntor lessof thcappIicableDCG 

Drinking water standards have becn adopted by the 

State of Colorado (CO77, CoSl) and the Environ- 

nicntal Pmtcction Agency (EPA) (US76a) for alpha- 

cmitting rndionuclidcs (excluding uramum and ra- 

tion) and for tntium Thcsc standards are 15 X IU9 

pCi/ml and 20,OOOX 10-9~Ci/ml ( 5 5 5  X IO-’ Bq/l and 

740 Rq/I) rmpcctivcly During 1988, the sum of the 

,ivcrcigc concentrations of plutonium and amenaum 

(alpha-cmitting radionuclidcs) for each community 

~ y i  wntcr location was Q 045 x 10 ‘ p(-i/ml(~ 7 x 
I k l / l )  or lrs4 This value is 0 3 pcwcnt or less of the 

%le of Colorado and EPA dnnking water standards 

tor alpha activity Thcavcrage trltium conccntrahon 

111 Orc,it Wr%tr\ri.r Rcwrvoir, Stmdlcy Lake, and in all 

(3 7 X 10 ’ Bq/l) or lrss That vatu is typical of back- 

grouid triliiim concentrations in < oloradn and repre- 

u 1114 ICS than one pcrccnt of thc5t.ttc of Coloradoand 

I PA drinking watcr standard for tritium (CO81, 
ClS7Cla) 

roiiiniiinily tap Hatcr samples w+, 10 X 10 9 pCi/ml 

t orty soil  himplcs were collcctcd 111 October 1988 at 

r idial intc~rvals ofapproxima tcJ t4t.mcsof 1 6and 3 2 

krlometers (1 and 2 miles) from the center of thc plant 

The soil samples were collected by dnving a 10 X 10 

cenhmcter (4 X 4 inches) cuthng tool 5 ccntimclcrs (2 

~nches) into undisturbed so11 (ROW Thc soil samplc 

wthm the tool cavity was collected and placcd into a 

new onegallon metal can Five subsamplcs wcrc 

collected from thecornersand centerof twoonc-meter 

squares, which were spaced onc meter apart Each set 

of ten subsamples was compos1ted for the plutonium 

radiochcmcal analysis 

The 1988soil plutoniumdata arcsummanzed in Tahlo 

19 and displayed on Figure 13 The c@nccntraiion\ 01 

soil plutonium at the 1 6 kilomtcr (1 mile) distance- 

from the plant center ranged from 0 02 to 10 o pCi/g 

(0 74 to 391 Bq/kg) Thr concentrations of soil pluto- 

nium for the 3 2  kilomcter (3 mile) samples ranged 

from 0 02 to 7 12 pCi/g (0 74 to 263 Bq/kg) Tht* maxi 

mum plutonium values wcrc tound in thc soil sciniplcs 

from the eastern po~bon of thc 6550 a m  buffcr zoiw 

These sample locations arc east and southeast (gcncr 

ally downwnd) of thc mapr source of pluh~iwrn 

contamination, the 903 Pad Area The plu~~riiuiii 

conccntrations measured in 1988 werc sirnilsir to the 

values measured sincc 1984 Data for 1985. lw.5 a i d  

1987 are included in Table 19 for comparison rigurc 

14 hasbccnincluded toidcntify thesamplingl~~,it~oii~ 

by number Vanabili ty in conccntrations from vcar to 

year for sampling at the same sitc is to bc cqwckd 

Samples are collectcd from the area aroiind a sanipl I iig 

location, never more than 1W feet from thc Icx.atc*d 

sampling point To Mmplc thc same location L *act+ 

from year to war IS not dcsirablc, sincc that IocatiorI 
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Table 19 Plutonium Concentrahon’ in Rocky Flats Arm Soil 

Samplesb at One and Two Milcs from the Rant Ccnter, 1985-1988 

Locahon 

1-018 
1-036 
1 -054 
1-072 
1 -090 
1-108 
1-126 
1-144 
1-162 
1-180 
1-198 
1-216 
1 -2.34 
1 -252 
1-270 
1 -2n8 
1-306 
1-324 
1 -.w2 
1-360 
2-018 
24% 
2-0,54 
,9472 
2-090 

2-1 26 
2-144 
2-162 
2-180 
2-1 98 
2-216 
2-2.34 
2-2s2 
2-270 
?-2M 
2-30ci 
3-324 
2-34 2 
2-360 

2-i(m 

1 985 
Pu(pct /gIC 

015+002d 
O o Q ~ 0 0 1  
002_+001 
0322003 
1 0  3009 

1 9  f017 
032_+003 
010f 001 
006+001 
016+002 
005_+001 
o05+001 
014fQ02 
0 07 f 0 01 
005+001 
0 09 * 0 01 
015f002 
0 02 f 0 01 
0 11 0 01 
0 04 + ( ’  01 
0 02 f 0 01 
003L+001 
033 f 003 
25 t (’25 
041 + 0 0 4  
0 42 t 0 W 
0 04 + [’ 01 
001 om 
0 11; f (‘01 
0 02 ( ‘  01 
004 t ( f 0 1  
005 f (101 
0 04 (’ 01 
0 04 0 01 
0045 (id1 
006t  001 
0 04 + 0 01 
0 13 i ( 1  01 
I) rp + 31 

130 + 1 3  

1986 
Pu (pCl/glC 
015+002 
0.10 + 0 02 
0.04+001 
0.43+006 
74 5062 

150 +14 
1 9  2018 
0272002 
008+001 
006+001 
0 16 5 0 02 
0 10+001 
0 0 4 ~ 0 0 1  
011 2001 
008+001 
0 05 fi 0 01 
017kOOZ 
021 +OM 
003+001 
0192002 
003+001 
007+001 
005 2 0 01 
0232002 
53 2048 
046+004 
044+005 
004+001 
002+001 
004+001 
008*001 
0 0 6 ~ 0 0 1  
0 05 5 0 01 
007+001 
006+001 
005 0 01 
002+001 
009+001 
012+001 
0 05 2 0 01 

1987 

018 2002 
O B  +001 
004 5001 
051 +O-05 
705 +on 
237 + 0 21 
275 +OB 
0.36 &OM 
017 +OM 
010 k001 
021 2002 
016 2002 
005 2001 
021 2003 
009 +001 
006 +001 
021 2003 
024 5003 
003 +001 
016 +Om 
004 l o 0 1  
010 to01  
010 2001 
0% 2004 
448 +052 
057 +006 
040 +OM 
008 +001 
003 5001 
003 5001 
014  5002 
007 +001 
007 +001 
006 +001’ 
008 5001 

008 5001 
008 5001 

om to01 

Pu (pCl/glC 

013 2002 

014 2002 

1988 
Pu (pcl/g)c 
0 1 0 ~ 0 0 1  
088+001 
003+001 
037+004 

106 + O B  
104 +OW 
1552014 
020+0m 
009+001 
006+001 
010+001 
0 0 5 ~ 0 0 1  
005+001 
009+001 
0 07 2 0 01 
0 03 2 0 01 
0 12 * 0 01 
0162002 
O C n + O O l  
0122002 
002+300 
007 + 0 01 
0 03 0 01 
011 2001 
7 12 2 0 67 
0475 0 OS 
003_+001 
035+0m 
0 02 2 0 01 
003+001 
0 1 0 ~ 0 0 1  

004+001 
0 0 6 ~ 0 0 1  
007+001 
0 02 It 0 00 
0 14 2 OO? 
010+001 
0 os 2 0 111 

0 07 2 0 01 
0 03 & 0 01 

il Not blank cornTtrd 
b !hmplcd to a drpth )I  i c m  - Crmxntrationk an 1 0  thr fraction of soil rncasuring Icss than 2mm in 

d i,iini tr r 
d i-rmr term n p r w  n - 5tmdard deviations 

-- - - -  - --- 
# 
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would have been disturbed by the ppevlous years 

sampling Snce the sampling fromyear toyear is from 
slightly difkrent locahons, the effects of non-urnform 

deposition by mnd, redishbubon of plutonium by 
erosion or faunal activlhes, and sampling and analyh- 

cal error will all conhbute to vanabihty 

L - - 7 .  

Soil Sample Collechon 

0 1  

PLANT BOUNDARV 

1 w *  
O- 

Plutonium Concentranons in Soil 

SUCE 

FIGURE 13 
(Values in Picaunes Per Gram) 
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-- 
FIGURE 14 Soil Sampiing Locabons 

Thermoluminescent doslmeters (TLDs) are used to 

measure external penetrahng gamma radiation expo- 

sure at 46 locahons on and off the plantsite Replicate 

TLDS are located at each site All TLDs are envlron- 
mentally exposed for three months The TLDs are 

placed at 18 locahons within the 384 acre property 

enclosed by the secunty feme Measurements arealso 

made at 16 penmeter b h o n s  three to sh ]u~omctefs 
(two to bur mles) from the plant and in 12 communi- 
bes located withut 50 lulometers(3Omles)of thc plant. 

The TLDs are placed at a kght of one meter (three 
feet) above ground level 

Dunng 1983, conversion from a Haishaw TLD system 

to a Panasonxc system was inxtmted For onecomplete 

calendar year, two TLDs of each type were used at 

each monibnng locabon BegInrung in 1984, only the 

PanasonK: TLDs were used 

The enwmnmental TLDs consist of two Panasomc 802 

dosimeters, each of whch has four elenwnts Only one 
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TABLE 20 Environmental Thcrm)kimincsccnt bsimctcr  Mca~un,ment.i 

Mcan Annual 95% Conftdcnce 95% Confidcncc 
Locatton Numbcr of Numbcr of Mcasurcd Dox? Interval on thc Interval on an Indn I ~ ~ I J I  
Catcgory Loratlans Mcasuments (mrcm) Mcan (rnrcmp Mcasurcmcnt (mn-rnP 

Onritc 18 109 154 - + 4  t 47 

I'lwnctcr 16 87 1 28 - t 2  - + 19 

Community 12 68 1 55 - t 4  - i 1; 

a 
b 

C alculatcd as 1 96 standard dwiatrono of the man 
C alcubtcd as 1 % standard deviations of thc indn idual mcasurcmmts 

crt (hcclcmcntsofcachdosimctcr i s i i x d  Thisclcmcnt 

< omistsofcabum sulfate, thulium dnftcd CCasO, Tm) 

t i q w v h i  on a polymid surfact. Thc phosphor IS 

~oscrcxl with a clcar tcnon m d  backed wth an 

opquc ARSplashc TheTLDsarcpackagcd ma small 

pl.irfic bag, a piper cnvdope, and another plastic hag 

to protcct thcm from thc weather Total filtrahon ovcr 

t h c  phmphor is 1785 mg/cm' 

I hc cn vi ronmcn tal dosimctcrs havcbccn tndiwdually 

calihralcd (thrcc timcseach) against an onsite (3-137 

sa m iiia ca libra hon sourre Cali bra tion lincanty stud - 
IC* h a w  t rnfinncd that TLD response is linear for 

i \ p w r c '  levels ranpng from 10 mrem to 10oO mrcm 

7 hi nwnn calibration factor for cach dosimctcr is 

npplid to mcasurcmcnts takc n with that dosimctcr 

An d d i  tionnl correction isapplied tocorrcct forday to 

d,i\ ~ariatrons in  rcadcr calibration 

I I wnsdctrrmiiicd thata 51atiSIicaIIysignificnrit fp=O 0; I 

diffcrcncc in raponsc cxi4ts bCtHccn thc I lar<hi . 
cnvironmental mc\nitonng wstcm uscd pri'v to 1'W 

and t hc Pan,iwmic mvinmmcntal nwni toriiq syctcnl- 

uwd bcgnningin 1984 In nrdcr tu .omyun thc l%? 

valucs wth thc prc'viousl~ r c p r t d  Harsh 1 b dala, 

IS necessary to multiply thc Panasonicrcsii1t~I;ivcn 111 

Tablc 20 by 1 046 

Thcannunl doxcquivalcnt tor carh Ittcntiori L J ! ~  $;on 

wascalculatcd bydclcrrnin,ng thcavcrage n 1 ni/d I 

for each of thc threc catcgoncs using data 1,vn 1'- 

four quartcrs in 1988 Thcw valucb wcrc t h ~  II i ~ i ~ i l  L 

plicd by 36S 25 to obtain yearly totals 

In prcviouh Annual Repork, the Aiinual \lcasuri> + 

IXw was rcportcd wilh a 95 pcrccnt conhcit iicc rntc 

val on the nican using thc standard crmr of thc rnr 1-1  
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t ,ikitI i t c d  from Ihc v a n a m  of the individual mcas- 

iircd whim &%inning in 1985, the 95 perccnt confi- 
tfciicc interval on an indiwdual observabon within 

cwh location category - calculated as 1 % standard 
deviations - was added to the report This latter 

interval maybcusedforasscssmg thevanabilityof the 

tndiwdual tocahon mcasurcmcnts wthin a location 

c nll’gory 

Ilic* 1988 ctivimnmcntal mcmuremcmts using TLDs 

,\rc wntiimztd mTabk 20 Theavcmgc.annualdose 

t cltniv.ilciits, ds mcasurcd onste, in the penmeter 

( tivtmn.;, a i d  in communrtics, wcw 154,128, and 155 

iiinwi (1 54 1 28, and 1.55 d v ) ,  mpcutivcly These 

v,tlucs are itidtcattvcof background gamma radrahon 

11’1 the arcs 

J 

ea 



6 
ASSESSMENT OF 
POTENTIAL PLANT 
CONTRIBUTION TO 
PUBLIC RADIATION DOSE 

In Aiipi4 1985, thc Dcpartmcnt of Energy (DOE) 
.idoptcd ail intcrim radiahon protcchon standard for 

Tx)t cirvironmcntal activitics to bc implcmcntcd in 

C Y19X5 (Va855) This intenm standard incorporatcs 

griidancc from thc National Counal on Radiation 

I’rotcctioii and Mcasurcmcnts (NCRP), as wcll as the 

Ciivironmcntal Protcction Agcnc y Clean Air Act air 

cmission standards as implemntcd in 40 CFFt 61, 

Siibp,irt ti (U93, US51 lncludcd in the intenm 

standard is a rcwsion of thc radiation d o x  limits for 

protcctionof thcpublicfor Dol tmlities In July, 1988, 

IXI: publishcd radiahondosc- cutnvcrsion factors tobe 

i i ~ d  for calculating dosc from intakcs of radioactive 

imtcrials and from cxpowtr to cxternal pcnetrating 

r,idiation rcsulting from air and watcr immcrsion and 

p u i d  d c p t i o n  (UWa, ( JWb)  Thc internal dose 

tac tors arc bascd on the International Commission on 

Radiological Protection (ICRPI I’ublications30and 48 

mcthtldology for radiahon doumctry The DOE in- 

trrim standard and the dosc conversion factor tables 

have bccn uscd in this 1988 Annual Site Envimn- 

nicntal Monitonng Report” lor asscssment of thc po- 

t c  iitial Rocky Flats Plant contritvition to public radia- 

tion dose As in past Annual Reports, thc Josc limit& 

and dose convcrsion factors uscd arc spccihcd, and 

compansons can bc madc with informatm in pact 

Annual Reports to detcmiine thc magnitlde of t h  

changcs 

Potcnhal public radiation dose commitments, whrs I ’  

couldhavc resulted fromplantoperations, wcrc cat, I 

latcd fromaveragcradionuclideconccntratitms mw-s 

urcd at the DOE property boundary and in surround 

ing communihes. Inhalation, watcr ingcstion, md @.! 

a much lesscr cxtcnt - ground-plane irradiation drc thc 

pnnapal pathwaysof cxpmure Swimmins a id ti I 

sumphon of foodstuffs are insignificant p i t h ,  , 

Thislattcr finding IS tobec\pccted bccaux )I tinii!tu 

swmming and fishing in the area and bru.,w.;c n i w  

locally consumed food is produced at considcraiWi* 

distances from thr plant 

The dose assessment for 1988 was conductcd ftir WL 

era1 Iwahons thL- Rocky Flats Plant prop’rt-’ \ \  

bcmndary ncarbj communitics,andsitcs t t ’ , i  d14tiw-t 

of 80 kilomctcrs (50 miles) Dose convcr+i\ 11 Lr*, r 
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Relative Wegjht Specdc Adwlty Relative Activnya Fractlon of Pu Alpha 
, Actlvi!yb 

Isotope (Percent) (C@) (CW _ _  

i i w d  tor thc inhalahon and watcr ingeshon, and 

firoillid-planc irradiahon pathways were from the 

tddc- providcd by DOE (US88a, Uss8b) The relative 

,hindanccs of plutonium and amcncium isotopes in 

pliitonium uscd at Rocky Flats Plant (shown in Table 

21 ) wcrc uwd to calculate composite dose converson 

f~ctors for plutonium The frachons of ingested radi- 

oniiclidr~ that are absorbcd from thegastro-inteshnal 

tract and thc lung clcarancc clasx\ for inhaled radi- 

rmiiclidc% wcrc choscn to maximize* thc assmated 

1111~1. Conversion factors The inhal.ition rate of 2 66 x 

IO rii'/\ and the watcr ingccstion rate of 2 liters (2 1 

qii,irts) pcr day wcrc dcnvcd from data for the ICRP 

rt It rcnw iiian and wcrcincludcd in thc factors (In751 

I ,IC h of thcw dosc conversion factor\ is for a 50-year 

dosc comrnitmcnt from one year of chronic cxposun. 

The dose conversion factors used in this report arc 

listed in Table 22 

Plutonium and amcncium in the Rocky Flats cn\ iroiw 

are the combincd result of residual fallout dcpwtlnn 

from global atmosphcric nuclc'ir weapons tcsting and 

past relcascs from thc plant Uranium, a natiirally 

occurring element, is indigenous to many parts of 

Colorado and also is uscd in plant opcrations in vm- 

~- - _  - 7 -~ 
TABLE 21 lsotopc Cornpositton of Plutonium Used at Rodcy FlatsPlant (US80a) 

Pu-238 0 01 17 1 0 00171 
PU-239 93 79 0 0622 0 05834 
PU-240 5 80 0 228 0 01322 
PU-24 1 0 36 103 !Y 0 37260' 
PU-242 0 0 3  0 00393 118x  l o 6  
Am-241 

0 0233 
0 7962 
0 1804 
5 085* 

0 2OC 
1 61 x105 

* Beta Activity 

a 
b 

c 

Obtained by multiplying the percent by welght by the specic activity 
Obtained by divlding the relative acttvty by the sum of the relattve activRies for the plutonium 
alpha emitters 
The value fw Am-241 IS taken to be 20% of the plutonium alpha actrwty 
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Table 22 Dose Conversion Factors Used in Dose Assessment Cablatons 

Pu-239. 244 
QKwl 
Eflective Dose 
Equivalent 571 X lot2 
Liver 2 22 x 
Bone Surfaces 104 x 
I ung 108 x 

Pu-739. 244 Anml 
Oraan 
Effective Dose 

Equivalent 353 X 10' 3 29 X lo6 
Liver 1 3 2 X  10' 1 24 X lo7 
Bone Surfaces 6 4 2 X  10 5 91 x 107 

I ung (f 1 (1) 

mlcrocune 
Ground-Plane lrradiatlon 

244 
OrPan 
Effective Dose 

Eqtiivalent 4 80 X los 
Liver 453X lo8 
Bone Surfaces 

Lung 

1 62 x 
9 78 X 

Am-241 

2 QQ x 
1 78 Y lo9 

369X l o 3  

201  x l o 3  

r? lnhabton and water ingesnon dose comerslon factors were adopted from DOE/EH-0071 (US88b) and are lor a SO-ye- dost 
commitment p e d  and a I pm Achwty Medran Aerodynamic Diameter (AMAD) pertlde size (VA85) 01 absorption frx 011s 
and lung clearance dasses were chosen to maximize the dose conwrson factors 

b 

c 
d 

(1 

I 

An mhalatmn rate of 2 66 X 10' mlls for 1 year was assumed 

A water intake rate of 2 X 10 ml(2 1 quarts) per day for 1 year was assumed 
Ground plane irrdmtlon dose cbnverslon factors wem adopted horn DOEIEH-0070 (US88a) For Pu-239 -290, the hqher of 
rhe factors for the two isotopes was used 
The liver reueves no slgntficent dose from this pathway 
The lung receives no sgnhcant dose from this pathway 

3 
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OII\ iwtopic ratios Trihum,a radionuclidc formed by 

iri1iir.d prcxcsscs, also is associated with plant opera- 

t lOll\  

Inhalation soure tcrms for the 1988 dost? assessment 

were hiscd on plutonium239 and -240 concentrations 

measured in ambient air samplcs Although it is 

known that much of this phtonium in air is from 

rrudi1al fallout from past giobal atmosphenc weap 

o n 4  kcsting, for the purpmc of this dose assessment It 

n .I< conservatively assumed that all of the plutonium 

o r i p , i i u k d  from thc Rocky Flats Plant ne ingeshon 

\oiircc lcrms wcrc b a d  on measured conccntrahons 

( 4  pliitoniiim, amcncium. uranium, and tntium in 

i\ .it( r Ihcground-pianc wurcc tt-rms wcrcbascdon 

tiicu\iird valucsof plutonium in S M I  mdanassumcd 

r'itio of 0 20 for thc amcncium to plutonium alpha 

.iclrvity in  the 5011 This raho is thc maximum lcvcl of 

,iinr.riciuin in-growth from Rocky tlatc plutonium 

( UW)'l) 

I ti( msrimumsitc-boundarydoseassc.ssmcntassumes 

that an individual iscontinuouslyprcscntat the plant 

pcwmc-tcr, which actually is uninhabited The Pluto- 

n i i i m  inhalation source tcrm of 1 0 X pCi/ml(3 7 

\ If1 ' 1kl/1n3) was thcmaximumannual averagecon- 

tr-nlr,ition ofplutonium-239and -240 d s m e a s u d  for 

wiglelocalion in thepcnmctcrambirntairsampling 
IN t work 

1 hr w,ltcr supply for thc individual at thcsitebound- 

was assumcd to bc Walnut Creek, which intennit- 

tently flows offslte and provldes the liquid cffluciit 
source term at the site boundary Dunng 1908, Ihc 

plutonium concentrahon in Walnut Crcck avcragcd 1 

x IO-" pCi/ml(4 x IO"'B~/I) Theaverageamcncrum 

conrentrahon was I x IO-'' MCi/ml(4 x IO-" &/I) 

These conentratrons wereused as the water ingestion 

source term for the maxlmum ste boundary dosc 

assessment The average conccntrabon of uranium in 

Walnut Creek was 4 8 X W9 pCi/ml(18 X IO-' &/I) 

while theaveragecomtrahonin incomngraw wa tcr 

was 1 6 X pCi/mI (5 9 X lo-* %/I) The source 
tcnn for uranium ingestion was the diffcrcncc bc- 
tween these two values 13.2 X loe9 pCi/mI (1 2 X 10 ' 
Bq/i)l The average tritium coilcentration in Walnut 

Crcck was less than zcro and within thc background 

rangc typically measurcd in regional watcrs Thiscon- 

centrahon of tntium IS an insrgnificant contnbutor to 

dose Tntium in the water WJS, thcrcforc, omitted 

from thc 1988 dosc asscssmcnl 

The ground-plane irradiation wurm tmm is bawd on 

thcmaximumplutoniuminsoil depositionat tht- pl.ii.t 

penmctcr,asrcported by theEnvimnmenta1 Mcaw:\ - 
ments Laboratory (US70) This sourcc tcrm IC  3 4 

pci/m2 (1 x I$ Bq/m2) me amcnci mi 

assumed to bc prescnt at an alpha actiwty lcvcl ot 20 

percent of that of thc plutonium, which IS thc maxi- 

mum quanhty of amencium that can be prcst'nt in 

Rocky Flats plutonium from thc dccay of pluton~un~- 

241 (UsBoa) Theamencium source tcrm, thcrcforc, is 

conscrvativelycrtimated t o t x 6 ~ 1 0 - ~  pCi/m2(2 x I(? 
Bq/m2) 
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. - -- - -  
TABLE 23 Rad~oactw~ty Concentratlons Used for 1988 Dose Galcubtons 

Air 

(pCvml) 

Maximum Sne Boundary 1 0 X 10 l7 1 0 X 10 '' 1 0 X lo-'' 3 2 X lo8 3 X  6 X l o 3  

Communtty 5 0 X 1 0 1 8  

Sourcc tcrnig and cnrrcsponding dosc conimttmcnts 

wcrcevdliiated for cach of thc surrolJndingcommuni- 

1 1 ~ 4  to dctcrminc thc maximum community exposure 

CBn)und-planc irradiation and wntc r ingestion path- 

wdys wcre insignificant for ,111 of thc communities 

I lw only ~ignilicant pthwa)  i t t i  radiation exposure 

~a4inli.ilatioiioC plutoniumin mr rhc uourcc'tcrni for 

inhalalion uscd in thc dosc asw%\mcnt was thc maxi- 

mum annual avcragc plutonium concentration mcas- 

urrd in community ambicn t air I? 0 X 10-'8 pCi/mi (1 9 

X 10 ' Bq/rn3)1 This mnccnlrahon was thc annual 

m v a g v  conccnlration mcasurt t i  for thc Supcrior 

'imbicnt air samplct 

A wmmary of thc source tcm4 for thc maximum site 

houndaryaid forcommunity l ( ~ ~ h o n s i s  tabulrrtcd in 

rablc 23 

The maximum dow to an individual c o n t ~ n i ~ c w ~ ~ ~  

prcscnt at thc site hcwndarv is b a d  on th 7 I h i  

clidc conccntrahoii4 show? in Tablc 23 1 ri)m thcsc 

mnccntrationsand thcdosrconvcnion factc i\ 1111 cti , 

22, a %year dosecomrrutnwnt of 79 X 10 ' *m. (7 5 

Sv) is calculatcd as  thc effecbvc dosc L * q ~ i ~ . ~ J ~  it 

from all pathways The corresponding bone s u r f d m  

do% IS 1 2 X IC2 rcm (1 2 X 10'Sv) Thc Dqwrtmcw 

of Encrgy (DOE) intenm radiation protrction stairs 

dard for membcrs of the public for prolongd pcnc - 
of cxposurc i s  o 1 rcm pcr vcar (1 x IO SI pcr vt. I 

cffcctivedwxqun dlcnt Theintenm standard tor I! 

air pathway only IS 7 5 X 10" rem pr ycar In 5 X l t  
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5\ p'r ywr) lor any organ for intcmally d c p i t e d  

r,idionuclidcs (VAS)  ThC maximum slte boundary 

dow rcpnxmb 0 75 pcrccnt of the standard for all 

pithways for thccffcctivcdoscequivalcnt If allof the 

dow wc'rc rcccivcd from thc air pathway, i t  would 

rcprcscnt 16 pcrccnt of thc air emission standard for 

any organ 

l%.i~c~d on mdionuclidc conccntrations in surrounding 

coiiiiiiiinitics (Tablc 231, thc calculatcd S y c a r  dose 

1 oiiiiii?lnic*n ts arc' 2 9 X 1 rem (2 9 X 10"Sv) effechve 

{iiw cqiiiva~c-nt ami s 2 x IO rcm (5 2 x IO SV) to 

bonc wrf,iccs Thcsc valucs rcprcvnt lcss than 0 03 

Frcciit of thr DOE interim standard for effechvedose 

cqiiiv'~1ciit and 0 69 prccnt of thr air cmission stan- 

Jard tor any organ 

The maximum sitc boundary and community SO-year 

committcd dosc equivalents arc summans)& m Tablc 

24 Theeffecbvedoseequivalentsmaybccomprtd to 

an average annual effmtiw dosc cquivalcnt for the 

Dwver arra of about 3 5 x IO-' m (3 5 x 1c3 sv) from 

natural background radiation (NA87) (SeeTable25 1 

This natural background radianon level for Denver is 

higher than that shown for the total body i n  past 

Annual Reportspnorto 1965andalsohigherthan that 

shown for effective dose equivalent in the 1985 and 

1986 Annual Reports. Thc level reflects the most rwent 

assessment of natural background radiation cxpsiirc 

of thc populahon of the United States by thc Natiotwl 

Counal on Radiation Protection and Mcasurcrncnts 

(NCRP) (NA87) It includcs thc significant contribu- 

tion to cffcchvc d o x  cquivalcnt from inhalcd iud(u)r 

radon, as well as the adnphon of the ICRP 30 mclhod- 

ology of radlation dosimctry The cosmc rad:atiori 

and external primordial nuclides souras shown 111  

Tablc25refIect thcregonaldose lcvclsfor theD~ii icr  

TABLE 24 Fifty-Year Committed Dose Equwalent From One Year of Chronw: IntakelErposure 

Effective Dose Equwalent Liver Bone Surfaces Lung 
Source (rem) (rem) (rem) (rem) 

MTxirnum SRe Boundary Locatlon 7 5  X ?OS4 49X104  1 2 X 1 0 2  1 2 x 

1 Community 29X10-5 1 1 X IO4 5 2 X  10'' 5 4 X 1 0 5  

f 
I 

- AJ 
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.irc'$i which n.sult fmm Dcnvcr's higher elevation and 

greater conccntrationsof naturally-occumng radioac- 

tive matcrialsin soil Thcmternal pnmordlal nuclides 

xourcc includes the average dosc from indoor radon 

Cstimatcd by thc NCRP for thc entire United States 

Investigations an? now bang conducted to determine 

any rqional differrnccs in indoor radon doses that 

may cxist Oncc thcsc studies are completed, the 

cbstimatcs of natural background radiabon dose for the 

lknver arca m y  bc modified again to reflect indoor 

radon doses that an! specific to this regon 

Thcdosccommitmcnt for all individuals, toadistancc 

of 80 kilornctcn (-W rnilcs), is b a d  3n the calculated 

maximum communitydosccstinlatcsshown in Table 

21 Thccslima ted commi tlcd cffcchvcdmquivalcn t 

IS Ic*ss than 1 X lo-? rcm or 1 mrem (1 X lO-'Sv) A level 

of "1 mn.m/yr" or lcss is sprnhed as a de mrnms 
(inconxqucntial) lcvel of cxposure in the DOE Guidc 

oi t i t lcd ,  ' A Gllidc toRcducing Radiahon Exposure to 

AsLow A.;RcasonablyAchievable(ALARA) "(UsgOb) 

I he Guidc furthcr statcs 

"Radrahon-induced mutations and 

discascs have not been discovcrcd in 

populations that are or have becn 

exposcd to doscs of 100 mrcm/ycar 

or less Hence, it is reasonable to 

suggest that no health effects wll be 
discerned if  a population IS exposcd 

to an additional 1 pcrmt of thclcvcl, 

1 e ,  1 mrem/yr An annual d o x  of 1 

mrcm should be regarded as a lcvcl 

whwh is clcarly de mtnzmls " 

Basedon thedcmtnrmsconcept in thcGuldcandon thc 

maximum community dose cshmatcs, thc dosc com- 

mitment for all individuals to 80 kilomctcrs 19 consid 

cred to be de mrnzmrs 

The Enwronmcntal Protcctmn Agmq (EPAI rquirck 

that approvcd EPA ptocdurcs bc uscd to demon- 

strate compliance with its radmachbity air cmiwonc 

standards found in 40 CFR 61, Subpdrt H fUSs3) 4' 

the wnhng of this Report the only procidurc for 

which the EPA has publishcd approval is mtdcling t ~ t  

radioactiwty air cmissjons data wing the AIREX> 

EPA atmospheric dispcrsion/radiation dow calcula 

tion computcr code (US8.5) The Rocky Flats Plant '4 

sccking EPA approval for using cnvlronmcntal (amhi- 

ciit) sampling as thc basis tor demonstrating compv- 

ance with40CFR61,Subpart H Thisistheprocrduri 

that rsdescnbcdabovcforcalculatingpro~tcd r d i  I- 

tion dosesto the public Pending EPAapproval of kht> 

procedure, the AIRDOSEPA computcr codc nlu, h.1 

k n  used to calculate proptcd radiation d n m  to t h  

public asa result of air emissionsof radioact-vc ma'& 

nals from the Rocky Flats Plant The rcsulls of thr- 
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TABLE 25 Estimated Annual Natural 
Background RadratlonDose for 

the Denver Metrapohtan Area ("7) 

Effedive Dose 
Equwalerd 

Source (rem) 

Cosmlc Radiatm 0 050 
Cosmogentc Nuclfdes 0 001 
Primordial Nucldes-External 0 063 
Primordial Nucldes-Internal 0 239 

Totat for One Year (rounded) 035 

1 ~mpu tcrmdccalculation indcpcndcntlyconfirm that 

thc miiximumradiationdosetoamemberof thepublic 

A\ a nvult of C X ~ U T C  to airborne radioactmty from 
llw Rocky Flats Plant in 1988 IS less than 1 mrem 

cflcctivc dosc cquivalcnt 

I 



APPENDIX A 
APPLICABLE GUIDES 
AND STANDARDS 

Thc Rocky Flats Mant Environmental Monitoring 

Program cvaluates plant compliance wth all appli- 

cable guides, limits, and standards. Guide values and 

standards for radionuclides in ambent air and water- 

homc cfflucnts havcbeen adopted by the Department 

of Energy (DOE), thcColorado Department of Health, 

and (for the air pathway only) bv the Environmental 

Protcction Agency (EPA) (VA85, CO78, US851 The 

guides arc bascd on recommendations published by 
thc lntcrnatioiwl Commission on Radiolog~cal Protcc- 

tion (ICRP) and thc Nahonal Counal on Radiation 

Protection and Measurements (NCRP) Ambent air 

data for nonradioachve parameters hasbeen collected 

at Rocky Flatsfor companson to thecntcna pollutants 

listcd undcr the EPA National Ambent Air Quality 

Standards, cstablishcd by the CIcan Air Act (USglb) 

lnstnimcntationand mcthodologvfollow requirements 

cstablishcd by EPA in the Quality Assurance Hand- 

book for Air PollutionMeasurcmcntSystems (US76b) 

Limits for nonradioactive pollutants in effluent water 

havc bccn dcfincd by an EPA National Pollutant DIS- 

charge Elimination System (NPDES) discharge per- 
mit ( U W a )  In 1976, the EPA also established stan- 
dards for radionuclidcs in dnnking water (US76a) 

Thcscdrinking water standards havebeenadopted,in 

tum, by the State of Colorado (('077, Cost) In 1973, 

Colorado first enacted the Cnlcwado Water Quality 

Control Act (C073) Standard< fiir implementahon of 

this Act were first enacted in 1974 and currently in- 

clude prowions for pmtection of Colorado watcr- 

ways from both radioachve and Wn-radiwChvt? con- 
taminants (COW 

Inamemorandumof August5,1985,theDOEadopted 
an intenm radiation protechon standard for DOE 
environmental adivihes to be implcmcnted in CY 
1985 (VAS) This intenm standard incorporates 
guidance from the NCRP,as well as the EPA Clcan Air 

Act air enussion standards for radioachw emissions, 

asimpSrmentedm40CFR61,SubpartH (USB3,US85) 

Included in the intenm standard is a rewsion of the 

dose limits for members of the public Table A-1 

summnanzes the intenm radiation dose limts for 

members of the public Tables of radiation dose con- 
version factors to be used for calculahng dox  from 

intakes of radioacttve matenals were published by 

DOEin July,1988 (U!%8a,US88b) Thedosefactoftarc 

based on ICRPPublicahons30and48methodology for 

radiahon doslrnetry Effluent air and water Dcnvcd 

Concenh'ahon Guides are secondary guides denvcd 

from thepnmary dose standardsand werccalculated 

using dose conversion factors and assumed air and 

water intakerates Thecalculated Denved Conmtra- 

hon Guides (DCGs) are based on the interim standard 

dose limit for all pathways of 0 1 rem/ycar for a .% 

year committed effechve dose equivalent Thc dox  
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conversion factors providcd in the DOE publicahons 

wcrc uscd and intake rates of 8400 c u k  meters per 
year (2 66 X 10 m /s) for air and 730 liters per year (2 

I/d) for water as prescrii by the WE Gwdance 

were assumed for the calculabons (US88b) The 
DCGs arc gvcn in Table A-2 and are comparable in 

concept to the Radioachwty Concentrahon Gludes 
(RCCs) published by DOE for its prevlous =&ation 

protection standard gven in DOE Order 54801A, 

Chapter XI (US8la) 

4 3  

The prcvlous RCGs included permissible concentra- 

tions of spmfic radionuclides and mixtures of radi- 

onuclides in air (RCGa) and water CRCGY) for i d i -  

vidualsin thcgcncral populahon (USla)  Inaddihon 

to rcstncting spcclfic radionuclides, the guides re- 
stricted the concentratton of radionuclides in a mix- 

ture such that the sum of the rahos of each radionu- 

clide concentration to the appmpnate concentrahon 

guide would not exceed a value of one The guides 

further stated that a radionuclide might beconsidered 

as not prcscnt in a mixture if (a) the raho of the 

conccntrationofthat radionuchdein themxturetothe 

concentration guide for that radionudide did not ex- 

c d  one tcnth and (b) the sum of such rahas for all 

rad ionuclidcs consldcrcd as not present in the mture 

did not cxcccd one fourth 

During 1988, average speclfic radionudide concentra- 

tions in air and water for t h e R d y  Flats Plant were all 

lcss than one tcnth of theappropnate Denved Concen- 

tration Guides for specific radionuclides. The sum of 

the ratms of those average concentrahons to thar 

respechve DCGswas less than one fourth for all air and 

water sampling locahons Applpng the same meth- 

odology for repmhng rmxtures under the DCG con- 

cept as was used wth RCGs, the measured concentra- 

hons in the tables have been campared to the concen- 

trahonguidesforspeaficradionudidesratherthan to 

the guide for mxtures The frecbons of ingested 

radionuclides that are absorbed in the gastro-intestr- 

M I  tract and the lung clearance classes for inhaled 

radionuclides were chosen to yield the most restnctivc 

DCGs for compansons in this report Throughout this 

report, wherea radlonuclrdeconcentrarahon isexpresscd 

as the cumulahve measurement of more than one 
isotope, the stated DCG used for companson repre- 

sents the most restnctive DCG for that grouping of 

isotope P1utoniumconcentrahonsmeasuredat Rocky 

Flats represent thealpha radioachwty from plutonium 

isotopes -239 and -240, which conshtute over 97 per- 
centof thealpha radioadivlty in plutomum handled at 

the plant 

Reported uranium conmtrations are the cumulative 

alpha achwty from uranium-233, -234, and -238. 

Components containing fully ennched uranium are 

handled at the Rocky Flats Plant Depleted uranium 

metal is fabncated and also is handled as a process 

waste matenal Uranium-235 IS the mapr isotope by 

waght (93 percent) in fully ennched uranium, how- 

ever, uranium-234 accounts for approximately 97 

percent of thealpha actlvity of fully ennched uranium 

In deplcted uranium, the combined alpha activlty 

7 6  
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from uranium-234and -238amunts for approxlmately 

99 pcrccnt of the total alpha activlty The uranium 

DCGs used in thisreport for air and water are those for 

uranium-233, -234, and uraruum-238, wluch are the 

most rcstnchve 

Enwonmental uranium concentrabons can be meas 

u r d  by a vanety of laboratory techniques Nonradi- 

dogcal tcchniqucs pcld conccntrahon units of mass 

pcr unit volumc such as mg/m3 and mg/l The ura- 

nium conccntrabonsgven in this report weredenved 

by mcasunng radloactivity from alphatnutting ura- 

nium isotopcs and arc expressed in terms of activlty 

uni ts pcr unit volumc Rocky Flats data include meas- 

urements of depleted uranium, fully ennched ura- 

nium, and natural uranium 

Convcrsion factorsfor specific typesofuraniumcanbe 

used to comparc the data in this report to data from 

other facihhcs and agencies that drc gven in units of 

masspcr unit voIumc, howcvcr, the resulhngapproxi- 

mahons will not ham thesamcassurance of accuracy 

as that for thc ongnal measurrd values Uranium in 

cfflucnt air from plant buildings 15 pnmanlydepleted 

uranium Thc converson factor for these data is 2 6 X 
106g/Ci Natural uraniumIsthepredormMntspeclcs 

found in watcr Theconversion factor forwaterdata is 

1 5 X Id g/Q As an example, converhng the 1988 

mean conccntrahon of uranium in water for Boulder 

Rcscrvoir (0 004 X lU9 pCi/ml) to concentration units 

of pg/ml would be done as follorvs 

(0 004 X lo-’ pCi/mlXIS X 106 g/GXl X lo4 
O/pCIXl X 1$ pg/@ = 6 X l@pg/ml 

The applicable EPA standard for beryll~um (a nonra- 
dioacbve material) m ar&orne effluents from plant 

buddings is 10 gram per stabonary source in a 24- 

hour hme penod ( US781 The calculated DCG in 

ambient air for plutonium-239and -240 for membersof 

thc public is 20 X IU” pCi/ml(74 X Irr‘ Bq/m3> 

Thc calculated amncium-241 DCG m watcrbom 
effluentsformembersof thepublicis3OX 10~gpCi/ml 

(1 1 Bq/I) The comparablc DCG for plutonium-239, - 
240 in water IS 30 X lug pCi/ml (1 1 &/I) Thc most 
rcstnchve ca1culated”DCG for uranium-233, -234, and 

-238 in water is 500 X lV9 pCi/ml(19 Bq/I>, which is 

the DCG for uranium -233 In waterborne dflucnts 

available tomembersof thepublic, thecalculated DCG 
for tntium is ~,OOO,OOO x IO-’ pCi/ml (74,000 %/I) 

In 1976, the EPA promulgated regulations for radionu- 

clides in dnnhng water (US’&) These rcgulabons 

were effecbve on June 24,1977, along wth prrmiiry 

drinking wa ter regula bons formmbiologrcal, chcmi- 

cal, and physlcal contamnants The intent of the Safe 

Drinking Water Act was to ensure that each statc has 
pnmaryresponslh1ityformaintainingdnn)ung watcr 

quality To comply with theserequirements, theCole 

rado State Board of Health modified existing State 

dnnking water standards to include radionuclidcs 

(CO77, C081) Two of the community dnnking watcr 
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standards are of interest in thts report The State 

standard for gross-alpha BChwty (includmg radium 

226 but excluding radon and uranium) in commumty 

water systems is a maxunum of 15 pC1/1 or I5 X lV9 
p ~ i / m ~  (56 x IO-' Q/I) Amemurn and plutonium, 
which are alpha-cnuthng radionuclides, are included 

in this 1im:t The 1:m:t for tnhum in dnnkng water is 

20,000 or 20,000 x 1~~~c~/ml(740 ~ q / l )  

Thc Rocky Flats Plant "DES pernut, wluch the EPA 
reissued in 1984 to DOE, established ~ a ~ t a r y  effluent 

limitahons on dmcharges from Pond B-3 (treated 

sewage effluent), limtahons for nitrate and pH m the 

dischaige from Pond A-3 in the Walnut Creek dramn- 

age0 limitationson discharge from the reverseosm:~ 
pilot plant, on Woman Creek drainage, limtabons on 
discharge from thc reverse osmosls plant, and control 

of scdimcnt rclcasc dunng discharge from Ponds A-4, 

85, and C-2 

In addition to cvaluahng compliance with all appli- 

cable guidcs, limits, and standards, the Rocky Hats 

Plant Health Safety and Enwronment Deparhnent 

asststs opcrahonal groups in adhenng to the DOE 
policy that " operations shall be conducted in a 

manner to assure that radiation exposure to indivldu- 
als and populahon p u p s  IS lirmted to the lowest 

lcvcls technically and econonucallv pracwable " 

(US8la) 
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TABLE A-1 Rad~atm Protectton Stancjards for the Public 
For Department of Energy Factlrties (VA85) 

EFFECTYVE 
DOSE EQUIVALENT 

(mremly ear) 

FROM ALL PATHWAYS 

OCCASIONAL EXPOSURES 500 

100 PROLONGED EXPOSURES (> 5 years) 

INDIVIDUAL OFGAN 

DOSE EQUIVALENT 
(mremhear) 

5.000 

DOSE EQUIVALENT 
(mrewear) 

AIR PATHWAY ONLY 

WHOLE BODY 

ANY ORGAN 

25 

75 
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Table A-2. ApprlcaMe Guides for Radloactrve and Nonradioactive Matenals 

Reference 
Apphceble 

Parameter Gurdes and Standards 

A&fmabm 
Pkltoni~n-239.-240 
Uraniwn-233,-234.-238 
Trlttum (H-3) 
Beryllium 

Waterborne Effluents 
Radloactlve 
Plutonium-239.-240 

Uranium-233,234,238 

Americium-241 

Tritium (H-3) 

Parameter 

NA 
NA 
NA 

<lo 0 gldv 

Monthly Weekly 
Average Average 

NA 
NA 
NA 

40 CFR 61 32(a) 

Calculateda 

Caiculatecia 

Calculateda 

Calculateda 

Calculateda 

Daily 
Maximum Reference 

Effluent Water Samples 

PH 
Nfirates as N 
Total Phosphorus 
Enchemical Oxygen 

Demand. May 
Suspended SoMs 
Total Chromium 
Residual Chlortne 
Oil and Grease 
Fecal Colltor~~~ - 

NoJl 00 ml 

60-9OSU 
10 mgl 20 mglr 
8 mvl NA 
10 mg/l NA 

30 mg/l 45 mgA 
005 mgA NA 
NA NA 
NA NA 
200 400 

NA 
12 msll 
25 mgA 

NA 
0 1  mgll 
05  mgll 
Visual 
NA 

NPDES Permlt 
NPDES Permit 
NPDES Permit 
NPDES Permit 

NPDES Permit 
NPDES Permit 
NPDES Permit 
NPOES Permit 
NPMS Permit 

a Denved Concentraoon Gu& (Oca) calculaled on *he basis 01 DOE February. 
1986, memaandm usmg D O E h  ImddO 1 remlyrbmembersof the public from 
all pathways, dose conversk~ fecsws gmn n DOEEH.0071 and intake ratesot 2 66 
X1O2ndlsfor~and2X1O3mVdsybrwa8ar(ST86) 

assoaated amcenwabon it& requred by the NPDES pemwt. Oetalr d these 
requtrements specific to each dcchtuge kcabon are given in he referenced 
doament (US84a) The ddy  and monthly lnnitatums ndkated cannot be carrelated 
wflh the annual water quality dab summanzed in Table 1 1 

b Theselrmmlmsare pretentsdas-dhetypesofpwametersand 



APPENDIX B 
QUALITY CONTROL 

A Quality Program Plan and a Quality Control Pro- 

gram Plan have been developed for theEnwonmenta1 

Management (EM) and the Health, Safety, and Enw- 

ronmcntal Analytical Laboratones (Hs6rE Laborato- 

ncs) Scctions, rcspechvely Independent audits of 

these plans,coupled wthEM'sinternalenwronmental 
audit and controls procedures, ensure that necessary 

quality assurance and quality control elements exist 

for a comprehcnsivc environmental monitonng pre 

gram 

The Quality Program Plan developed by Enwron- 

mcntal Management prowdes controls for assurance 

that. 

Current chartcrs emst for all envtronmental pro- 
gram elcmcnts that ensure all applicable require- 

mentsamsa hsfied in a comprehensive, integrated 

approach 

Cumtoperating proceduresexlst for all phases 

of EM opcrahons and that these procedures are 

implcmcntcd as wntten 

Appropnatc approvals are obtained pnor to sg- 

nificant program initiahons or changes 

Thc equipment used in sample collection and 

dataanalysls isappropnatc to theassigned func- 

tion and is operating as required 

Accurate documentabon extsts for all programs, 

procedures, achons, and audits 

All variances from procedures or equipment use 

and pcrfomranccaredocumented and mplaincd 

wlth an assessment 

Appropnate guidelines and standards for cnw- 

ronmental monitonng are idenhfied, and docu- 

mentahon of compliance ispmwded on a routine 

basis to Rocky Flats Plant management, Depart- 
ment of Energy (DOE), and state and federal 

regulatory agnaes  

TheEM Quality Program Plan establishes con trol points 

and delineates responshhbes for speclhc categones 

of adiw hes, pmvldes an information base from whlch 

procedurescanbedevebped, updated,and/orimplc 

mentcd,establishesa stateof emergency pmparedncss 
in its conhngency plans, and providesdocumcntation 

to comply with rules and regulahons of federal, state, 

and local regulatory agencies 

The Plan includes quality assurance flow charts and 

quality matnces that illustrate achvity networks and 

corresponding quality elements of each responsitnlity 

area A complete lishng of adivihes and responsibili- 

ties is also includcd in the Plan 
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To cnsurc data reliability, the HsQE Labomtolies 

Quality Control Program Plan outlines its quality 

control mcthodsuscd inall phasesof laboratoryopera- 

Iions. 

This laboratory quality control program includes the 

followng clcmcnts 

Dcvclopmcnt, evaluation, improvement, modifi- 

cation, and documentation of analyhcal proce- 
durn 

Schcdulcd instrumcnt calibration, control chart- 

ing, and prcvcntiw maintenance 

Participation in intcrlaboratory quality compan- 

son programs 

lntralahratory quality control programs 

All siimplcbatchesschcduled foranalyslsby theHSLE 

Laboratoncs Central Rcmving Laboratory contain an 

average of 10 pcrccnt control samples The controls 

consist of analytical blanks prepared in-house and 

standards preparcd by the Rocky Flats Plant Chemis- 

try Standards Laboratory 

An analysis or group of analyses may be rejected and 

the samplcor samplcs scheduled for reanalysis for one 

or mom of the following reasons 

Theanalyhcal blanks in theanalps batch arcou t 

of acceptabk range 

Thestandards in theanalysisbatcharenot within 

acceptable limts of error 

The alpha energy specbum IS not acceptable 

bccause of thc followmg 

a extra and/or unidenhhed peaks 

b excess noise in background arcas 

c poor resoluhon of peaks 

The chemist in charge of the laboratory bclicvcs 

there IS mason to suspect the analps 

Any unusual condihon affechng the results, which is 

noted either dunng sample collecbon or analysis, is 

reported to Environmental Management 

Table E1 is a summary of HS&E Laboratoncs partia- 

p h o n  in the Rocky Flats Plant Intmchvc Mcasurc- 

ment Evaluahon and Control Systcm for 1988 

The HsdrE Laboratones parhapates in the EPA Enw- 

ronmental Monitonng Systems Laboratory (EMSL) 

and the DOE Enwronmental Measurements Labora- 

tory Crosscheck h g r a m s  Tables B-2 and E3 sum- 

manze the HS&E Laboratones parhapahon in thesc 

program 

1 Thc chcmical rccovcry is less than 10 percent or 

grcatcr than 100 pcrcent 
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TABLE B-1 Health, Sdety and Environmental Laboratorles Interactive 
Measurement Evaluatlon and Control System 

(January through December 1988) 

h l X  

Pu 239. Water 
240 

9 

12-35 &mnb 0-3 dld -73 

-56 

-46 

24 

t6 

-5 

-25 

-100 b - 49 

-99to+19 

-100 to +a 

-84 to +I14 

97 to +635 

-100 (0 +20 

-100 to +14 

56 

56 

56 

52 

115 

109 

115 

Am 241 Water 

U-238 Water 
-234 
235 

H-3 Water 

0 7-21 d/mll 

3-90 &mn 

0 3  m 

0-30 dlmll 

5,000-60.000 M 0-9990 dlrnll 

4-120 Mb Pu 239, Effluent 
-240 Fihen 

0-30 &m/f 

0-4 dlmn 

0-30 &m/l 

Am 241 Emuent 
hbrS 

Alpha spectral 3-90 dhnn 

10-300 dlmn U238 Effluent 
-234 FIWS 
-235 

Alpha spsclral 

Bec EHlubnt 
Filters 

rsrob 0-5 pglt -6 -100b+136 120 

Pslt 0-20 rolf 7 -94to+19? 1,132 

&di 0-50 dlM 9 -48t0+243 52 

Be Workplace AtomcAbsorption O S 1 0  

Pu239, Ambtent Alphaspectral 2-45 

Fillers 

-240 F~lten 
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TABLE E2 Hem. safety and Environmental LaboraWrtes Partlapatton m the 
EPA Environmentai Manit- Systems Labommy Cmsscheck Program Durmg 1988 

Isotope 
Reported Minx  

Gross Alpha 
Gross Beta 
H-3 
Co- 60 
cs- 134 
cs - 137 
Cr-51 
RIJ - 106 
PU - 239 
U (nat ) 

Filter 
Filter 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 

Method 

Number 
of 

Analyses 

Number of 
Acceptable 
Analyses' 

Annual 
Relatwe 

Error 
Percenib 

Range of 
Relative 

Error 
PWCent 

Awa Spectral 
Gas Proportional 
Beta Liquld Sclntillatton 
Gamma Spectral 
Gamma Spectral 
Gamma Spectral 
Gamma Spectral 
Gamma Spectral 
Alpha Spectral 
Alpha Spectral 

1 

1 
3 
4 
3 
4 
2 
3 
1 
3 

1 

1 
2 
4 
2 
4 
2 
2 
1 
3 

-13 3 
- 4 7  
15 8 
- 1 7  
-15 6 
7 3  
2 6  
-26 3 
- 2 0  
- 2 3  

NAG 
NAc 

-16 010 79 0 - 7710133 
-26 6 to 8 0 

0 7 to 26 6 
141036 

NAe 
-30 9 to -1 0 0 

-11 2 t0110  

a 

b 

"Acceptable analyses' are those analyses lor whlch ha observed value was Whtn f 3 standard denattons of the standard 
Value 
The mean d the ram of thelbmonth m n c e s  beween observed and standard values b standard values h percent This 
fern IS lndwive of all random and systemdc error in the standards anatytd chemistry. and measurement process for a 
given nudde. matnx and procedurr 

c NA=Notapprlceble 
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TABLE 8 3  Health. Wety and Envwonmeml LdmaWos Partkipatw 
in the DOE Envkonmental Men-ng Systom Loboratory 

Crorrschedc Program Ounng lB88 

isotope 
Reported Matm 

Mn- 54 Water 

Co-  60 Water 

Cs-134 Water 

Cs- 137 Water 

Pu-239 So11 

U (nat) sol1 

0 - 5 9  Water 

- 

a Not Applicable 

-~~ ~ 

GammaSpectrai 1 113 

GammaSpactral 1 105 

GammaSpectral 1 1 07 

Gamma Spectral 1 114 

Alpha Spectral 1 161 

Alpha Spectral 1 085 

GammaSpectral 1 116 

NA" 

NA* 

NA. 

N A ~  

NA" 

N A ~  

N A ~  



APPENDIX C 
ANALYTICAL PROCEDURES 

mental Management is nohhed of any mapr changes 

that could affect analytrcal results. AI1 procedures are 

rewewed annually for consistency wthstateof-the-art 

technques, or at any bme an analyt~cal problem is 

The Health, Safety and Envlronmental Laboratones 

(HS&E L a b  tones) muttnely perform the followng 

analyses on environmental and effluent samples 

Total Air Filter Counhng 

(Pu speafic alpha) 

Gas Proportional Counhng 

(Gross alpha t gross beta) 

Gamma Spcctral Analysis 

Alpha Spectral Analps  

(Pu-239, -238; Am-241 

U-238, -233, -234) 

Beta Liquid %nhllabon (Tnhum) 

N,N-the thyl-pphen ylenediamine 

(DPD) (Chlorine) 

Atomic Absorption (Beryllium) 

Millipore Filtrabon Method 

(Fccal and Total Coliform) 

Proccdurcs for thcse analyses are desclnbed in the 

HS&E Laboratorics Procedures and Pract~ces Manual 

(W182) Thcproccdusesforbactena andchlonneanaly- 

scs welc dcvclopcd following Environmental Protec- 

tion Agcncy (EPA) guidelines Soil procedures were 

dcveloped fallowing specifications set forth in "Meas- 

urements of Radionuclides in the Environment, Sam- 
pling and Analysis of Plutoruum in Soil," NRC Reg 
Cuidc4 5 Allncwproceduresandchangestoexisting 
procedures must be thoroughly tested, documented, 

and approvcd in wnting by the Manager of HS&E 
Laboratones bcfom being implemented Environ- 

suspected. Coples of all procedures are kept on file In 

the office of the Manager of H S E  Laboratones 

The followng is  a general outline of the analyhcal 

procedures followed by the laboratones 

Samples rece~ved for air filter screening arc countcd at 

approximately 24 and then 48 hours after collechon 

Samples exceeding the limits set by Envlronmental 

Management are recounted If the total long-lived 

alpha concentrahon for a screened filter exceeds the 

EM action limits, the filter is directed for individual 

spcclfic isotope analysls and/or followup invcstiga- 

tion to determine the cause and any needed correchve 

action 

All water samples, except those scheduled for tnhum 

analysis, are poured into one-liter Mannelli containers 

and sealed beforedelivery to thegamma counhngam 

Rouhne water samples are counted for approxtmately 

twelve hours Samples requiring a lower dctechon 

limit are counted from 16 to 72 hours. 

Soil samples scheduled for gamma spectral analysis 

are dned, sieved through a ten-mesh sleve, weighed, 

and the fine portion is ball-mdled The hnc portion IS 

then placed ina !NJmlMarinellicontainerandcounted 
for at least 16 hours 
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All siimplcs schcdulcd for alpha spcctral analysis are 

analyzcd in a slnular manner regardless of matnx 

Prior to dissoluhon, a known quanhty of nomndi- 

gcnousradioacbve tracerisadded toeachsample. The 

tram is u d  to determine the c h c a l  recovery for 

thc analysts Tracers used include Pu-236, Pu-242, U- 
232, U-236, Am-243, and Cm-244 The type and achv- 

ity level of the tracer used depends on the type and 

probtcd achvity level of the samp!e to be analyzed 

All refractory or intractable achrudes arc dissolved by 

vigorousaad treatment usngowlizingand mmplex- 

ing aads ' 

After samplcsare dissolved, the radioisotopes of con- 

cern are scparatd from each other and from the 

matrix material by vanous solvent extraction and ion 

cxchangc techniques The punfied radioisotopes are 

clcctrodcposltedontostainlesssteel discs Thesediscs 

arc alpha countcd for 12 hours. If a lower minimum 

dctcction limit is required, samples may be counted 

from 72 to 168 hours dependingon the need Samples 

thatcxhibitachemicalmoveryof\essthan10percent 
or grcatcr than 110 percent are autcimahcally sched- 

uled for rcanalysis 

Tritium analysesarerouhnefy performed onspeahed 

cnvironmcntal watcr samples as well as stack effluent 

samples Five milliliters of the samples are combined 

with 1Smillilitcrsofliquidxmhllahonfluld Enwron- 

mcn tal samples gcncrally are counted for 120 minutes 
and airborne effluent samples generally are counted 

for 10 minutcs 

Thc General Laboratory rouhnely performs the fol- 

low nganalym for environmental monitonng of plan t 

cfflucnt strcams, process wastcs, and soil residues 

Rssolvcd metallic clcmcntsincluding tcsts for 19 

cationsby Induchvely Coupled Plasma Spcctras- 
copic (IC") techruquesand lirelementsbyatomic 

absorption techtuques (including beryllium in 

airborne effluent sample filters). 

Oxygen demand tests, including total organic 
carbon, dissolved oxygen, chemical oxygen 

demand, and hologcal oxygen demand (5 day 

mncubetmn) 

Nutnent ~tsincludingfreeammonia,orthoand 

total phosphate phosphorus, mtnte and nitrate 

aruons 

Physcal tests, including pH, conducbwty, color, 

total dissolved solids, suspended solids, lurbd- 

ity, and specific gravity 

Soap residues (as alkyl sulfonate) 

011 and grease residues, by extrachon and infra- 

red or gravimetnc detection, and by wsual obser- 

vation 

Speclfic chemical property or element, lnciuding 

total hardness (as calcium carbonate), alkalimty 

(as hydroxide, tncatbonate, or carbonate), chlo- 

nde, fluonde, cyanide, sulfate, and hexavalent 

chromium 

Radioactive specles, including gross alpha and 

beta by gas proportional detection, tntium by 
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liquid sclntillationdetechon; total radiostrontium 

by grawmctnc scparabon followed by gas pro- 

portional dctechon lsotopes of plutoruum, 

amcnaum, and uranium are detmmned by ion 

cxchangc and liquid extracnon techniques fol- 

lowed by alpha pulse h g h t  analys~s. 

9 Polychlonnated biphenyl and volahle and sem~- 

vola tile compounds from the EPACon tract Labo- 
ratory Program (EPA-CLP) Target Compound 

List are analyzed by gas chromatography/mass 

spectrography Phenols also areanalyzed using 

spcctrophotometry 

Proccdurcs for t h e  analyses were developed by the 

Ccncral Laboratory analytical technical staff Il.occ 

durcs wcrc adoptcd from EPA-approved sources or 

fromother rccognacd authontatwe publrcabonswhere 

EPA-approved proccduns were not avmlable Lab 

ratory opcrations procedures are documented in a 

standard format, approved by the manager of the 

Rocky Flats Analytical Laboratones, and distnbuted 

to a controllcd distnbution list to assure that proper 

testing and approval is performed before changes are 

adoptcd Thc General Laboratory Quality Assurance 

Plan requires annual revlew of procedures for consis- 

tcncy with statesf-theart techniquesand compliance 

of laboratory practice thth wntten procedures. In 

addihon, a rewcw is performed whenever an analyh- 
cal problem is indicated 

The followng is a general outline of the analflcal 

ptoccdurcs followed by the General Laborator)r 

All water samplcs which are analyzed for radioachve 

matenals - except those scheduled for tntium analyms 

- are acidified immediately upon collection 

Liquid samples recaved for gross alpha and bcta 

screerung are evaporated directly onto planchcts for 

gas proportional counting When achwties cxcccding 

the acbon guidelines set by Gnvmnmental Manage 

ment (EM) are obrved, nobficahon to EM is madc, 

and reanalyssand/orinvestigaahon may berequired 

For some liquids such as machine oils, a spcafied 

volume is evaporated, ashed, and the salt residue is 

takenupin nr tncaad for depotahononto thecounting 

planchet A correchon factor is deternuned for each 

sample to account for self-absorphon effects 

Water samples to be tested for chcmlcal and physical 

parametersareanalyzed wthrn 24hoursof collechon, 

or they are prrserved by refngeratlon, f m i n g ,  or 

addihon of a chemical preservative when required 

The tests performed include grawmetric, htrametnc, 

colonmetnc, chromatographic, or electroanalytical 

methods, followng procedures specified in the 16th 

cdihon of Standard Methodsfor fheExmntnahonof Wafcr 

and Waste Wafer,Methodsfor C h m d  Anarysts of Wafer 
and Wastes, or other authontative publicahons. 

Water samples to be analyzed for dissolved metallic 

ions are filtered through a 0 45 rmcrometer filter, pre- 

served wth rutnc aod and digested before bong ana- 

lyzed by atonuc absorptaon or ICP methods 

Organic toxicspecles aredetermined by chromatogra- 

phy, using electron capture detectmn Some organics 

such as phenol, are determined by developng a chro- 
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maphonc complex and measuring light absorphon at 

a s p f i c  wave-length MU) a spectmphotometer. 

Mcasunng occurs after extrachon tnto an a p p n a t e  

solvent phase 

Tntium is measulwl uslng liqlud scmhllahon aunt- 

ing Countmg efhaency *) determtned using a sepia- 
rately - prepared sample to w k h  IS added a known 

standard tnttum achvlty 

S t r o n t i u m l s r a d i o c h e r m c a n y ~ ~ f r o m t b e ~  

matnx using pmpitatton techn~ques Strontium IS 

deposited on planchets wtha =mer element and the 

activity in the sample is quanhfied usng beta gas 
proportional counting 

-. 



APPENDIX D 
DETECTION LIMITS AND 
ERROR TERM PROPAGATION 

The Rocky Flats Health, Safety and Enwronmental 

Laboratones (=E Laboratones) have adopted the 

following dcfinition for detechon lirmt, as gtwn by 
Harley (HA721 

'The smallcst amountof sampleactivrty usinga given 

mcasuremcnt process (is chcmical procedure and 

dctcctor) that wlll rcld a net count for which there is 

confidence at a prc- dctennincd level that activity i s  

prcscnt " 

The minmwm detectable amount (MDA) is the term 

uscd to dcscnbc the detechon limit and is defined as 

the smallcst amount of an analyzed matenal in a 

sample that will be detected with a B probability of 

non-dctcchon (Typc I1 error), while accepting an a 

probabi li ty of crroncously detccti ng tha t matenal in an 

appropriate blank sample (Type I error) At the 95% 

confidence level, both a and are equal to 0 05 

B a d  on the approach presented in draft ANSI stan- 
dard N13 30 "Performance Criteria for 

Radiobioassay,"(HE85) the formulabon of the MDA 

for radioactivc analyses is 

MDA = 4 65 S, + 3/(T,E,Y) 

where % = standard deviation of the populahon 

of appropnate blank values 

(dislntcgnrhons jm mnutc, d/m) 

Ts = samplc count hme (rmnutes, m) 

% = absolutc detcction efficicncy of the 

samplc detector 

Y = chcmical recovery for the samplc 

a = conversion factor (disintegrations 

per nunute per unit achvity) 

(a = 2 22 d/m/pCi when MDA IS 

in units of pCi and a = 2 22 X IO6 

d/m/pCi when MDA is in 

units of pCi 1 

V = sample volumc or weight (V=l 
if the MDA per samplc is d a d  ) 

The m a p  component of thc MDA equation is the 

vanability of the blanks 

Table D-l shows the various formulae uscd for alpha 

data reducbon during 1988 
aV 
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Table D-2 shows the typxal MDA values for the van- by Hach Co , "DPD Method for Chlmne "(HA831 For 
ous analyscs performed by the I-S&E Labaratones fecal coliform count, thenununurn detectableamount 

and by thc General Laboratones These values are iscalculatedas4.# bmesthestandarddevhbonofthe 
bascd on the average sample volume, typical detector 

eff~rncy,detectorbackground,count hme,andCherm- 

cal recovery. MDA values calculated for m d ~ d u a l  

analyscs may vary sgnificantly dependmg on actual 

samplevolume,chermcaIrecovery,and analytdblank 

USCd 

b h k  value from the mlhpore filter 

For nonradioactive parameters, vanous means are 

used to cstimate a minimum detectable amount de- 

pending on the parameter measured The mnimum 
dctcctablc amount for beryllium in effluent air -ana- 

lyzed using flameless atomic absorphon spectroscopy 

- IS bascd on a sample blank absorbance reading Total 

chromiummcffluent watersamplesundergoesa four- 

fold mncentrahon of the received sample pnor to its 

analysis using flame atomic absorption spectroscopy 

Itsapproximatemtnimumdctectable amount is based 

on a nct sample absorbance reading of 0 010 

Thc paramctcrs of nitrate as N, total phosphorous, 

suspended solids, oil and grease, and total organic 

carbon all have minimum detectableamounts that are 

dctcrmincd by procedural methods found inEPA-600, 

Mclhods for Chemical Analysls of Water and Wastewater 
(US87c) The parameters of pH and biochermcal oxy- 

gen demand have minimum detectable amounts that 

arc dctcrmincd by the mnimal readout capability of 

the instrumcntatmn that is used 

Thcmtnimumdetcctableamountfor residualchlonne 

IS dctcrmincd by the p r d u r e  found In a publicahon 
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Tablc D-1 Formulae for Activity and Uncertainty Calculations for the Alpha Spvlral Analyvs S?\tcms 

Non-Blank Corrected Sample Uncertainty* 

SI ‘BJ C 

+ -  - 
Ts2 T82 

*Corrcctcd from 1984 rcport 

Blank Corrected Samdc Uncertaintv 
/2 

*ri 

a 
ri 

AS1 

%I 

si 
b 

$1 
D 

CSI 

9 
C 

‘Bi 

=BI 
Ts 

TB 
V 

LEGEND 
Non-blank corrected actiwty of laboratory rcagcnt blank for isotope i exprcsscd as picocuncs (61) 
per unr t volume 

Non-blank corrected uncertainty of laboratory rcagcnt blank cxprcsscd as pCi pcr unit volumc 

Sample activlty for isotope I cxprcssed as pCi per unit volume 

Sample achvlty unccrtainty cxpmssed as p C i  p c r  unit volumc 

Blank corrected sample actiwty for isotope i cxprcssed as pCi pcr unit volume 

Blank conwed sample uncertainty exprcssecl as pCi per unit volume. 

Achvlty (dpm) of internal standard isotope ) added to sample 

Sample gross counts for isotope 1 

Sample gross counts fbr internal standard isotope 

Detector backpund gross counts for isotope I 

Dctector background gross counts for internal standard icotopc 1 

Sample count trmc?cwprr?sscd in minutes 

Dctector background count time cxpnrsrd in minutes 

Sample unit volume or sample unit weight 



TABLE D-2 Detectm Limrts for Radioactive and Nonradioactive Materials 

Minimum 

Amount Sample Volume Amount 
Detectable Approximate Minimum Detectable 

Parameter (per =mPW Analyzeda (per unit volume or mass) 

Airborne Fff bent S m  

Plutonium -239. -240 0 05 x 10-’5pC~ml 

Uranium -233. -234. -238 5 7 x 10-7pcl 7340m3b 0 08 X pCJml 

Amerlcium -241 1 8 x  1O’pCi 7 340m3 o 02 x IO-1 pcvrnl 

Tritium (H-3) 48X108pCi 1 4 m3 3.400 X 1 0-15 pCllml 

3 8 X l  0-7 pCi 

Beryllium 25x10-1 pg 7 340 m3 3 x whn3 

r S a w  
Plutonium -239. -240 

ER luent Water Samples 
1 R a d i o M  

Plutonium -239, -240 9 2 X lO’*pCi 5 000 ml o 02 x 10.~  pcc/mF 

Uranium -233, -234. -238 2 9 x 1000ml 0 29 X 10.’ pCllml 

Amerlcium -241 1 5  x 10 7pcl 5 000 mi 0 03 X 10.’ pCllmf 

Tritium (H-3) 2 5  x 1o4pci 5 mi 500 x lo8 FCvml 

Soil Samples - 
Plutonium -239. -240 8 4 X 10 a pCi 10 9 8 4 x pcvg 

1 2 x 10‘7 pci 29 000 m3 o 004 x 1 0-l5 pcvmt 

Effluent Water Samples 
1NonradioactweJ 

Nitrate as N 4 mi 0 02 mgA 
Total Phosphorus 50 mi 02mgll  
Bmhemical Oxygen Demand, 

5-Day 300 ml 5 0 mgA 
Suspended Solids 100 ml I omgn 
Total Chromium 100 mi 0 05 mg/l 
Resdual Chlarine 10 mi 01 mg4 
Oil arid Grease 1 000 ml 0 5 mgA 
fecal Coliform Count 10-100 ml 43 organlsmsll00 ml I 

Total Organic Carbon 5 rnl 1 0  mgA I 

PH 100 mi 0-14 SU 

91 
Appendix D. Detection Limits and 

w u  Error Term Propagation * 
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APPENDIX E 
REPORTING OF MINIMUM I 

DETECTABLE CONCENTIRATION 
AND ERROR TERMS 

- -  

Throughout the -on enhtled " M o N ~ o ~  Data 
Collcction, Analyses, and Evaluabon" in this report, 

some of the concentrahons that are measured at or 
bclow the rmnimum detectable mncentrabon (MDC) 

arc asslgncd the MIX value The leSs-thansymbol(4 

indicates MDC values and calculated values that in- 

clude one or more MDCs 

Thc plutonium, uranium, amcnaum, and beryllium 

mcasurcd concentrationsarereported Thesereported 

conccntrahons include values that are less than the 

cormponding calculated MDCs and in some cases, 
valucslcss than zcro Negatlvc valuesmult when the 

mcasurcd value for a laboratory reagent blank IS sub- 

tracted from an analyhcal mult that was measured as 

a smaller value than the reagent blank These resulhng 

negative values are included in any anthmcbc calcula- 
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at the 95 percent confidence level These error tcms 

represent a minimum estrmatc of error for thc data 
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activity. See radioachvity 

alpha particle. A posihvely charged parbcle enutted from the nucleus of an atom having the same charge 
and mass as that of a helium nucleus (2 protons, 2 neutrons) 

atom Smallest paerthcle of an element capable of entenng into a chemical reaction 

beta particle A negahvely charged parbcle mtted from the nucleus of an atom hawng a mass and charge 
equal to that of an electron 

contamination The deposhon of unwanted radioachve matenal on the surfaces of structures, arcas, w, 
or personnel 

concentration The amount of a speclhed substance or amount of radioachwty in a gwen volume or mass. 

cosmic radiation Radiation of many types with very high energes, ongtnabng outslde the earth's atmos- 
phere Cosmic radiahon is one source contnbuhng to natural background radiahon 

Cune (Ci) The ttadihonal unit for measurement of radioactivity based on the rate of radioactive disintegra- 
hon Onc cune is defined as 3 7 X 10" (37 billion) dislntegrahons per second Several frachons and mulhples 
of the cune are in common usage 

mil l ime  (mCi) Ci onethousandth of a cunc, 3 7 X lo7 disintegrations per second 

miaocune CpCi) -le Ci, one-mdlionth of a cune, 3 7 X lo4 disintegrahons per second 

nanocurie (nCd -IO-' Ci, ,oncbillionth of a cune, 37 disintegrations per second 

picocune (pCd -lo-'*, one-trillionth of a cune, 0 037 dislntegrahons per second 

f e m t o d e  (fCi) -10-'5Ci, onequadrillionth of a cum, 0 000037 disintegrations per second 

attocurie (aCi1 0 ,  oneguinhllionth of a curie, 0 000000037 disintegrahons per second 

decay, radioactwe The spontaneous transformation of one radionuclide into a different radioactwe or 
nonradioactive nuclide, or into a different energy state of the Same radionuclide 

Denved Concentration Guide (DCG) Secondary radioachwty in air and water concentration guides used 
for comparison to measured radloactivity concentrahons Calculahon of DCGs assumes that the exposcd 
individual inhales 8,400 cubx meters of air per year or ingests 730 liters of water per year at the speofied 
radioactiwty DCG with a resulting radiation dose of 0 1 rem effective doseequivalent 

disintegrahon, nuclear A spontaneous nuclear transformahon (radioacttvity) charactenzed by the emissmn 
of energy and/or mass from the nucleus of an atom 

dose, absorbed The amount of energy deposited by radiation in a givcn mass of matenal The unit of 
absorbed dose is the rad or the Gray (1 Gray = 100 rad ) 
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dose commitment. The total radiahon dose popcted to be mewed fmm an exposun? to radlahon or intakc 
of radioachve material throughout the speafied remaining lifetime of an mdiwdual. In theorehcal calcula- 
tions, this spmfied lifehme is usually assumed to be 50 years 

dose equivalent A modificabon to absorbed dose which expresses the biologcal effects of all types of 
radlahon (e g , alpha, beta, gamma) on a common scale The unit of dose equivalent IS the rem or the slevert 
(1 sicvert = 100 r e m  

exposure A measure of the ionization produced in au by x- or gamma radiahon The speaal unit of e x p  
sure IS the Roentgen (R) 

I 

gamma ray High-energy, short-wavdength electromagnehc radiahon emitted from the nucleus of an atom 
Gamma radlahon frequently axomparues the emisson of alpha or beta parhcles Gamma rays are identical 
to x-rays except for the source of the ermssion 

half-life, radioactwe The hme required for a gven amount of a radionuclide to lose half of its achmty by 
radioactive decay Each radionuclide has a unique half-life 

isotopes Forms of an element having the same number of protons in their nuclei and diffenng in the number 
of neutrons 

-- 

minimum detectable concentration (MDC) The smallest amount or concentration of a radio-elcment that 
can be dishnguished in a sample by a grven measurement system in a preselected counhng hme at a gven 
con fidcnce level 

natural radiation. Radiatton ansing from cosmc sources and from naturally occurring radionuclides (such as 
radon) prcsent in the human environment 

outfall The place when a storm sewer or effluent line discharges to the environment 

part per billion (ppb). Concentrahon unit approxmtely equivalent to pg/l 

part per million (ppm) Concentration unit approximately equivalcnt to mg/l 

person-rem The tradiahonal unit of collechve dose to a population group For example, a dose of one rem to I 
10 individuals results in a collective doseof 10 person-rcm 

quality factor The factor by which the absorbed dose (in rad or gray) is multiplied to obtain the dose equiva- 
knt  (in rem or sievert) The dose equivalent is a unit that expresses, on a common scale for all ionizing 
radmhon, the lnolog~cal damage to exposed persons It is used because some types of radiahon, such as alpha 
particlcs, are more bologrcally damagng than others. 

rad A tradihonal unit of absorbed dose The International System of Units (S I 1 unit of absorbed dose is the 
gray (One gray = 100 rads ) 

radioactivity The spontaneous emission of radiahon, generally alpha or beta pamcles, often accompanied by 
gamma rays, from the unstable nucleus of an atom 

radionuclide An atom hamng an unstable ratio of neutrons to protons so that it w11 tend toward stability by 
undcrgoing radioactive decay A radioachve nuclide 
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rem The traditional ulut of dose equivalent Dose equivalent is )reqwntly reported in units of nnllimn 
(mrcm) which is one-thousandth of a rem. The Internahond System of Umts (S I 1 unit of dose equivalent is 
thc sicwrt (one sievert E. 100 rem 1 

roentgen (R). The mdihonal unit of exposure to X- or gamma radrahon bascd on the i O h h O n  in air caused 
by the radiahon One men- 1s equal to 258 X le coulombs per lulogram d air A common exptcstaon of 
radiabon exposure IS the rmlhroengen (1R c- loo0 mR) 

sjevert (Sv) International System of Umts (S I ) Unit for radmbon dose, 1 Sv = 100 rem. 

thermoluminescent dosimeter (TLD) A device used to measure external sources (I e ,  outside the body) of 
penetratrng rachation such as X-rays or gamma rays 

tntium (H-3). Tht hydrogen isotope havrng one proton and two neutrons in the nucleus. It is radioactive 
and emits a low energy beta pamcle (0 0186 MeV max) 

uncontrolled area. Any area to which access is not controlled for the purpose of pmtechng individuals from 
exposure to radiahon and radioactwe matenals. The area beyond the boundary of the Rocky Flats Plant IS an 
uncontrolled area 

worldwide fallout Radioachve debns from atmospheric weapons tests that IS erther airbome and cycling 
around the earth or has been depostted on the earth’s surface 



These are a few scenes from the Rocky Flats Plant 

Rocky Flats Plant Buffer Zone in the Spnng 

Lyndsey Ranch located in Rocky 
Flats Plant Buffer Zone 

Rocky Flats Plant Wildlife found 
in the Buffer Zone 

I 03 

Lyndsey Ranch located m Rocky 
Flats Plant Buffer Zone 
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ABSTRACT 
This report documentsthe 1988environmentalsurveil- 
lance program at the Rocky Flats Plant The program 

IS conducted by the Environmental Management Sec- 
ton of the Health, Safety and Envlronmeni (HS&E) 

Department under the operating contractor, Rockwell 

International, Aerospace Operations Group sample 

analyses are periormed by the Health, Safely and 

Environmental Laboratones (HS&E Labs) of HSSE 

and by the General Laboraloty of the Qualw Enpeer- 

ing and Control Department The report includes an 

evaluation of plant compliance wtlh all appropriate 

guides, environmental ltmrts, and standards Potentlal 
radaton dose to the public was calculated from aver- 

age radionudldeconcentrallons measuredat the plant 

property boundary and m surrounding communitm 

The radloaclwe effluents from the Rocky Flats Plant 

meet the appropnate gudes and standards and repre- 

sent no measurable adverse environmental effects 

from the operatlon of the plant durirl(i calendar year 
1988 The estmated potential radiation doses lo the 

pubic from plant effluents are bebw Department of 

Energy and Environmental Protecton Agency dose 

1irmtsandarewelbelowb~rwnddoseleve)s expe- 

nenced in the regkn from natural and other non-Rocky 

Flats Plan! sources 



TRADITIONAL AND INTERNATIONAL SYSTEM 
OF RADIOLOGICAL UNITS 

(Traditxonal uruts are in parentheses) 

Expression in Terms 
Name Symbol of Other Units Quanhty 

absorbed dose gray GY Jkg-' 
(rad) rad lU2 Gy 

actlvlty bequere' Bs 1 dps 
(curie) 0 3 7 x 10'0 Bq 

dose equivalent sievert sv  Ikg-' 

(rem) rem 1rz sv 

expos- coulomb per 
lulogram Ckg-' 

(rwntgen) R 258 x 104 Ckg" 


